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ANNUAL GENERAL MEETING. 
WEDNESDAY, 25th Marcu, 1942. 


The Sixty-seventh Annual General Meeting was held in the Society’s Rooms, Science 
House, Gloucester Street, Sydney, on Wednesday, 25th March, 1942. 

Dr. A. B. Walkom, President, in the Chair. 

The minutes of the preceding Annual General Meeting (26th March, 1941) were read 
and confirmed. 


PRESIDENTIAL ADDRESS. 


There is no need for me to stress the gravity of the situation in which our country 
finds itself to-day. Whilst the news of the past few days has been more heartening to 
us, the pace of modern warfare is so fast that it would be a rash man who would 
forecast the changes that may take place even in a very few days. We can only hope 
that when the tide does turn in our favour the flow will be as strong and as fast as 
has been the ebb. Science and the search for truth will go on undiminished in its 
strength and in the enthusiasm of its devotees, though for a time its objective may be 
diverted towards the desperate needs of the times. During its sixty-seven years of 
existence this Society has weathered the storms of two major financial crises and one 
major world war, and we are confident that after this present war it will resume its 
activities directed towards the advancement of the study of Natural History. 

The concluding part of Volume Ixvi of the Society’s PrRocEEDINGS was issued in 
December. The complete volume (439 plus xxxviii pages, fourteen plates, and 206 text- 
figures) contains thirty-six papers on various branches of Natural History. 

Exchanges from scientific societies and institutions totalled 1,200 for the session, 
compared with 1,860, 1,838 and 1,383 for the three preceding years, this further decline 
in the number of exchanges again being due mainly to the war. 

Since the last Annual Meeting the names of six members have been added to the 
list, three members have been lost by death, the name of one has been removed on 
account of arrears of subscription, and three have resigned. ; 

Richard Thomas Baker, who died in Sydney on 14th July, 1941, was born at 
Woolwich, England on ist December, 1855. He arrived in Sydney in the early eighties 
and for eight years was a senior house master at Newington College, where he had as a 
colleague the late J. J. Fletcher. After visiting scientific institutions in America and 
Europe, Mr. Baker returned to Sydney and accepted the post of scientific assistant to 
the Curator of the Sydney Technological Museum, Mr. J. H. Maiden, commencing service 
on 15th January, 1888. When Mr. Maiden became Director of the Botanic Gardens, Mr. 
Baker succeeded him as Curator of the Museum, and held the position of Economic 
Botanist and Curator until his retirement in 1920. The results of his botanical researches 
were published in more than one hundred original papers, many of which appeared 
in these Procrerepines. His “Hardwoods of Australia”, a copiously illustrated book of 
more than 500 pages dealing especially with the commercial possibilities of our hard- 
woods, represented the outcome of many years of research. Another outstanding 
contribution, “A Research on the Eucalypts and Their Essential Oils’, was published 
in collaboration with the late Mr. H. G. Smith in 1902, and was revised in 1920. The 
outstanding feature of this volume was the ciassification of the Eucalypts based on the 
chemical character of the essential oils derived from each species. In 1910 these two 
authors published ‘“‘A Research on the Pines of Australia’. Mr. Baker was very interested 
in wild flowers and published a book, ‘Australian Flora in Applied Art”. He was a 
strong advocate for the use of the Waratah as the typical national flower. In “The 
Building and Ornamentai Stones of Australia’, he focussed attention on the richness 
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of this country in such stones and urged the development of the marble and building 
stones industry and the fullest use of the great variety of local stones. He was a 
member of the Linnean Society from 1888 until his death and a member of Council 
from 1897 to 1922. He was awarded the Clarke Medal by the Royal Society of New 
South Wales in 1922. Though he lived for more than twenty years after his retirement, 
he continued to display his characteristic enthusiasm and keenness. He retained his 
interest in this Society to the last and was present at meetings only a few months 
before his death. 

William Faris Blakely, who died at Hornsby on ist September, 1941, was born at 
Tenterfield in November, 1875. At an early age he became interested in botany and 
collected extensively. In 1898 he was appointed to the staff of the Jenolan Caves and 
in 1900 Mr. J. H. Maiden, being impressed with his ability and keenness, had him 
transferred to the staff of the Sydney Botanic Gardens. In 1913 Mr. Blakely became a 
botanical assistant in the National Herbarium, and there he worked until a few days 
before his death, as, after retiring in 1940, he generously undertook the duties of 
Honorary Custodian of the Eucalyptus collection. He specialized in systematic botany 
and up to the time of Maiden’s death in 1925, he co-operated with him in his ‘“‘Revision 
of the genus Hucalyptus”’. This Revision was carried on after Maiden’s death by R. H. 
Cambage and Blakely, and later, after Cambage’s death in 1928, by Blakely alone. Mr. 
Blakely was especially interested in the Eucalypts, being an outstanding authority on 
the group. An indication of his enthusiasm was the publication at his own expense of 
his “Key to the Hucalypts”. From 1922 to 1928, in these ProcrEpines, he published a 
revision of the Australian species of the family Loranthaceae, and his other published 
papers include studies of a wide variety of Australian genera of plants. Mr. Blakely 
had an unrivalled knowledge of the native flora and naturalized plants, their study being 
his life’s work and almost his sole interest. 

Alexander Greenlaw Hamilton, who died at Chatswood on 21st October, 1941, in his. 
ninetieth year, was born at Baillieborough, North of Ireland, in 1852. When about 
fourteen years of age he came to Australia, the voyage in a sailing ship occupying 
fourteen months. Soon afterwards he entered the service of the Department of 
Education. He had charge of various country schools and then was transferred to 
Sydney, and, from Willoughby School in 1905, he was appointed lecturer in botany and 
nature study at the Sydney Teachers’ Training College, a position which he held until 
his retirement in 1919, having been kept on two years after the retiring age for special 
work. He thus completed nearly fifty-three years in the Department of Education. A 
born naturalist and keen observer, he devoted his spare time to a study of plant, animal 
and bird life in the various districts in which he was stationed. At first, identifications 
were obtained by submitting specimens and drawings to authorities, and this brought 
him in touch with other research workers. With Mr. J. J. Fletcher, formerly secretary 
of this Society, he formed a lasting friendship, the two publishing joint papers on earth- 
worms, planarians, etc. His transfer to Sydney brought him into personal contact with 
many workers whom previously he had known by correspondence only. One of the 
greatest disappointments of his life was the fact that failing eyesight forced him to 
give up active work soon after retirement, as he had intended to complete investigations 
on quantities of material, which he had collected in the field over a period of years. 
His numerous published papers covered a wide variety of subjects. Many appeared 
in these PROCEEDINGS, a number of the earlier papers dealing with pollination. A number 
of popular natural history articles which he contributed to the Sydney Quarterly 
Magazine were published in 1937 in book form under the title “Bush Rambles”. Mr. 
Hamilton was associated with most of the other scientific societies in Sydney, but his 
association with this Society was one of the outstanding features of his life. He joined 
the Society in 1885, was President 1915-1917 and a member of Council from 1906 until 
December, 1939, when, as an expression of appreciation of his services to the Society, 
your Council unanimously elected him a Corresponding Member. 

Messrs. Baker and Hamilton were the last survivors of a group of naturalists who 
joined the Society in the seventies and eighties of last century and who made their 
earlier contributions to science before the death of Sir William Macleay in 1891. Their 
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deaths have snapped the last threads by which we were directly connected with the 
days of the Society when William Macleay helped and directed it in person. 

Reference may here be made to the death of Miss Fanny Elizabeth Hunt at 
Beecrott on 2nd June, 1941. Miss Hunt, who was the first woman to obtain the B.Sc. 
degree at the University of Sydney, was the first woman associate member of the 
Society, having been elected on 28th March, 1888, some four years before the election 
ot any other woman. Her membership appears to have terminated at the end of 1901. 

The proclamation protecting wild flowers and native plants was renewed for a 
turther period of three years from Ist July, 1941. 

We offer congratulations to Professor W. N. Benson on his election as a Fellow of 
the Royal Society of London, and to Dr. M. F. Day on attaining the degree of Doctor of 
Philosophy of the University of Harvard. 

The year’s work of the Society’s research staff may be summarized thus: 

Dr. H. L. Jensen, Macleay Bacteriologist to the Society, has continued his work on 
nitrogen fixation by clovers and medics. A paper on the general characters of the root 
nodule bacteria of these plants, their sensitiveness to acid reaction and their adaptation 
to different host-plants, has been accepted for publication in these ProcrEpInGs. In 
clovers, the relations between nodule bacteria and variety of host-plant are shown to 
be less simple than hitherto assumed. In the root-nodule bacteria of Medicago, evidence 
has been found for the existence of two groups of strains differently adapted to different 
types of host-plants. Truly ineffective nodule bacteria do not seem to occur. The 
experiments on the alleged stimulating influence of Azotobacter on legumes have been 
concluded, the results being consistently negative. A short paper on this problem has 
been prepared for publication. The work on molybdenum as a catalyst of symbiotic 
nitrogen is nearing conclusion; no evidence has been found that this element has any 
effect in doses exceeding 0:05 microgram per plant. Experiments on the influence of 
reaction on symbiotic nitrogen fixation have shown that plants in soil or agar culture 
ean tolerate much stronger acidity than in sand culture, so that not only clover but 
also lucerne may, under suitable conditions, enrich even strongly acid soil with nitrogen. 
At the request of the Council for Scientific and Industrial Research, a study has been 
made of the micro-organisms responsible for the dew-retting of flax in Australia, and a 
paper on this topic has been published in these PROCEEDINGS. 

Miss Ilma M. Pidgeon, Linnean Macleay Fellow of the Society in Botany, has 
continued her ecological studies in the central coastlands of New South Wales. Aspects 
ot this work receiving special attention have been (1) a quantitative estimation of micro- 
climates in various stages of primary successions; (2) a quantitative examination of 
floristic changes in seral stages of various successions; (3) an investigation of the 
floristic structure of patches of vegetation by a new quantitative method: by this 
method conclusive evidence of succession in sandstone communities has, for the first 
time, been obtained; (4) the making of a system of classification of all Hucalyptus 
communities in New South Wales; (5) the compilation of a map showing the distribution 
ot Hucalyptus Associations, rain-forest, scrub and cleared land of the coastal strip of 
New South Wales from the Queensland border to Ulladulla on the South Coast. Miss 
Pidgeon has continued her studies of the anatomy of the orange rind and has also under- 
taken certain work for the Army (Eastern Command). 

Mr. John Allan Dulhunty, Linnean Macleay Fellow of the Society in Geology, 
completed field work in connection with the Western Coalfield and the results have 
been published. He has also continued the study of the stratigraphical arrangement of 
torbanite (oil shale) deposits and this work is now ready for publication. <A laboratory 
investigation of certain physical and optical properties, and the physical effects of heat 
on torbanite was completed, and the results were published in two papers in these 
PROCEEDINGS. For the purpose of classification, further work on the relations between 
torbanite and associated carbonaceous materials has been carried out. In December, 
1941, Council approved of Mr. Dulhunty undertaking special war work, in conjunction 
with the Department of Supply and Development, on the technology of oil shales, and 
this work is now in progress. 
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Mr. Mervyn Edward Griffiths, Linnean Macleay Fellow of the Society in Physiology, 
has found that the apparent glyco-tropic (anti-insulin) activity of adrenal cortical 
extract is really due to inhibition of absorption of insulin by the cortical extract; 
contrary to a claim in the literature, duodenal extracts do not affect the glycotropic 
activity of pituitary extract, and oestrogenic derivatives of dihydroxy stilbene increase 
the insulin content of the pancreas and overcome the anti-insulin activity of pituitary 
~ extracts. 

Dr. Germaine A. Joplin, Linnean Macleay Fellow of the Society in Geology, has 
prepared a paper dealing with the metamorphism and granitization of the Ordovician 
rocks at Cooma. In this study an attempt has been made to discover the original nature 
of the various country-rocks before their metamorphism and invasion by the Ordovician 
granite-gneiss, and then to investigate each stage of their alteration with a view to 
interpreting the metamorphic, intrusive and tectonic histories. 

Five applications for Linnean Macleay Fellowships were received in response to 
the Council’s invitation of 24th September, 1941. I have pleasure in reminding you that 
the Council reappointed Mr. J. A. Dulhunty, Mr. M. E. Griffiths and Dr. Germaine A. 
Joplin to Fellowships in Geology, Physiology and Geology respectively for one year from 
1st March, 1942, and appointed Miss Frances M. V. Hackney, M.Sc., to a Linnean Macleay 
Fellowship in Plant Physiology for one year from ist March, 1942. 

Miss Frances Marie Veda Hackney graduated in Science at the University of Sydney 
in 1939 with First Class Honours in Botany, presenting for her Honours degree a thesis 
on the anatomy of Phylloglossum Drummondu. During 1939 she was Demonstrator in 
Plant Physiology in the University of Sydney, and in 1940 was awarded a Commonwealth 
Research Fellowship, which she has held for the past two years. Miss Hackney has 
carried out research on problems of respiration, and since the outbreak of war has been 
engaged, in collaboration with officers of the Council for Scientific and Industrial 
Research, in research on the preservation of fruit, work which is of considerable 
national importance. In May, 1941, Miss Hackney was awarded the degree of Master 
of Science of the University of Sydney, her thesis being entitled “Studies in Plant 
Metabolism”. 

During the coming year Mr. J. A. Dulhunty wili continue his investigations on the 
torbanite (oil shale) deposits of New South Wales. These will include a continuation 
of the special war-time investigation of the technology of torbanite, in conjunction with 
the Department of Supply and Development. Further field investigations will also be 
undertaken, together with a further study of the microscopy of torbanite. Mr. M. E. 
Griffiths intended to continue the investigation of the action of compounds related to 
hexoestrol on pancreatic insulin. However, he enlisted in the R.A.A.F. several months 
ago and has now been placed on the Air Force Reserve and expects to be called up for 
training in April. Dr. Germaine Joplin proposes to continue her study of a belt of 
Ordovician rocks at Cooma and will then study the northern extension of the Cooma 
belt in the vicinity of Murrumbucca, Bunyan and Bredbo. Miss Frances Hackney 
proposes to investigate the stages of aerobic and anaerobic respiration in plant tissue, 
and also the physiological and biochemical factors associated with the maturity changes 
in the respiration of stored fruit. We wish them success in their year’s work. 


A year ago your President, in reporting to you the Council’s selection of Dr. Noble 
as Secretary of the Society, expressed the opinion that the Society had been fortunate 
in this choice. After a year’s close association with Dr. Noble I am able to tell you 
that our expectations have been amply realized and that during a period of many 
unusual difficulties he has shown himself capable of filling with distinction the office 
which our benefactor, Sir William Macleay, considered so important for the welfare of 
the Society. 


THE BACKGROUND TO WILLIAM MACLEAY’S ENDOWMENT OF NATURAL HISTORY. 


During the past year death has claimed the last two members of the Society whose 
membership dated back to the days of William Macleay. Some of the present members 
have had close association with a few of those who worked with William Macleay in the 
early days of the Society, but the majority have had little opportunity of learning the 
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full extent of his munificence or of the associations which were responsible for his 
interest in Natural History. 

It seemed fitting therefore that for my Presidential Address I should endeavour to 
give the present generation of member's a brief account of the three Macleays whose 
scientific interests may be regarded as responsible for the magnificent endowment which 
has enabled the Society to continue to function so successfully. 

These three Macleays were Alexander Macleay, first Colonial Secretary of New South 
Wales, William Sharp Macleay, eldest son of Alexander Macleay, and William John 
Macleay, nephew of Alexander Macleay. The late J. J. Fletcher described them as a 
trio of “men who combined in a remarkable degree scientific tastes with the charac- 
teristics and personal qualities of colonists of the most patriotic and enlightened type, 
and who amidst the drawbacks and distractions of life in a newly colonized country still 
found time and opportunity to cultivate their inherent love of natural history.” (Macleay 
Memorial Volume.* ) 

The period of their interest in Science extended over nearly a century—from 1794 
when Alexander Macleay was elected a Fellow of the Linnean Society of London, six 
years after its inauguration, till William Macleay’s death in 1891. 


Alexander Macleay. 


Alexander Macleay was born in the County of Ross on 24th June, 1767. He was 
Chief Clerk of the Prisoners of War Office in 1795 and Head of the Department of 
Correspondence of the Transport Board in London in 1797. He was elected a Fellow of 
the Linnean Society of London in 1794, six years after its foundation. This may be taken 
to imply that he already had some interest in Natural History, but there is no definite 
record of the awakening of such an interest. His close friendship with Thomas Marsham 
and Rev. William Kirby, both noted entomologists of the time, and both original Fellows 
of the Linnean Society, probably directed his interests towards entomology. Marsham 
was the first secretary of the Society and on his retirement in 1798, Alexander Macleay 
succeeded him and retained this office for a period of twenty-seven years, until 1825, 
when he resigned in consequence of his appointment as Colonial Secretary of New South 
Wales. 

During this period Alexander Macleay commenced what finally grew to that 
magnificent collection—the Macleay Collection—ultimately presented to the University 
of Sydney by Sir William Macleay. 

The earliest Known record by Alexander Macleay himself of his interest in insect 
collection is in a letter to Kirby dated 5th November, 1802. This was written on his 
return from a visit to Scotland and in it he expressed his “entomological disappoint- 
ment” at having been prevented from collecting insects by continued rains, snow, and 
high winds during his stay at Caithness. However, he did collect at every opportunity 
during this visit to the north of Scotland and the Orkney Islands, and brought back 
some 250 to 300 specimens, including a few Hymenoptera, of which he offered any 
duplicates to Kirby. 

His collection seems to have begun with the British insects which he himself 
collected, or obtained by exchange with his friends. It was not long, however, before 
he extended it, chiefly by extensive purchases from collections offered for sale, but also 
by acquisition of specimens from other parts of the world, including Brazil, India, North 
Africa, Australia, and elsewhere. Unfortunately, details are wanting of the method of 
acquisition in most of these cases—some were possibly donations, others perhaps 
purchased from interested collectors in various countries. It is known that he made 
important purchases from at least six noted private collections, including those of Drury 
(1805), Sir Ashton Lever (1806), Donovan (1806), Francillon (1818), Marsham (1819), 
and Thomas Davies. Kirby, in a letter to Spence (24th September, 1806), says: “And 


* For the greater part of the information in this Address I am indebted to the late 
J. J. Fletcher, Secretary of the Society from 1886 to 1919, especially his written accounts of 
the Macleays in the Macleay Memorial Volume (1893) and in his address ‘‘The Society’s Heritage 
from the Macleays” (PROCEEDINGS, 1920, pp. 567-635, and 1929, pp. 185-272). My intimate 
association with Mr. Fletcher for a number of years gave me the opportunity to obtain a much 
deeper knowledge of the Macleay traditions than would otherwise have been possible. 
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the piece of entomological news I can tell you—that McLeay has purchased all Donovan’s 
foreign insects, a most valuable addition to his collection, which, in value, falls not far 
short of Francillon’s’”. Of Francillon’s celebrated collection it is recorded that Macleay 
purchased ‘little short of half the collection’—his son W. 8S. Macleay writing to Kirby 
says: “as for my father, he has made his [collection] as brilliant for the amateur as it 
is instructive for the entomological student”. 

In the obituary notice (Proc. Linn. Soc. Lond., ii, 1849, p. 45) it is stated: “As a 
naturalist Mr. Macleay devoted himself almost exclusively to the study of insects, of 
which he had formed, previous to his quitting England, the finest and most extensive 
collection then existing in the possession of a private individual.” 

A. Macleay’s long official connection with the Linnean Society of London, whilst 
stimulating his interest in Natural History, brought him into contact with many 
eminent men of the time, among whom he made many close personal friends, notable 
amongst them being Sir J. E. Smith, first President, and Robert Brown, in addition to 
Kirby and Marsham, already mentioned. 

He was elected a Fellow of the Royal Society of London in 1809, when Sir Joseph 
Banks was President, and a Member of the Council in 1824, when Sir Humphrey Davy 
was President. ; 

On his retirement from the Secretaryship his portrait was painted by Sir Thomas 
Lawrence, and presented by the subscribing Fellows to the Linnean Society. The 
portrait in the Board Room of the Australian Museum is probably a copy of this—painted 
by Margaret Carpenter in London in 18388 (see Aust. Mus. Mag., vii (10), 1941, 327) 
after his retirement from the Colonial Secretaryship of New South Wales. 

At the Linnean Society meeting of 7th June, 1825, the following minute was adopted: 
“The Linnean Society of London take the earliest opportunity after the retirement of 
Alexander Macleay, Esq., from the Secretaryship of the Society, to record upon their 
Minutes the high estimation in which he is held by them on account of twenty-seven 
years of unremitted and unrequited labour devoted to the interests of science; and that 
in quitting for a time this sphere of usefulness to fill an honourable station in a distant 
country, he carries with him the cordial esteem and sincere regret of this Society.” 

During this period his interests were not confined to entomology, for at one time 

he appears to have had a collection of South American bird-skins and he was also 
interested in horticulture. 
In February, 1805, he wrote to Kirby: “I have been describing eighteen Botany Bay 
Lepidopterous insects which are about to be published by Lewin, with all their changes 
and natural history ...’. Alexander Macleay was one of those who had assisted J. W. 
Lewin by providing goods and money in return for which they were to receive insects 
from New South Wales. In the publication of Lewin’s work, however, it appears that 
use was made of Macleay’s technical descriptions, but T. Lewin, who edited it, did not 
accept all the binomial names proposed by Macleay. 

As early as this (1805) the collection was already notable. Donovan acknowledged 
the benefit he had derived from inspection of the collections of Francillon and Alexander 
Macleay. Dr. W. E. Leach described birds, a volute and various insects from A. Macleay’s 
collection, most of them from Australia, and N. A. Vigors described insects from the 
vicinity of Madras, from North Africa, and from Brazil. 

In 1811 he presented to the Linnean Society ‘34 specimens of Birds from Berbia”, 
in 1818 ‘11 specimens of Birds from New South Wales’, and in 1822 “Two specimens of 
Quadrupeds, and six Birds from New South Wales’. By 1819 Alexander Macleay 
possessed some 1,800 species of the Linnean genus Scarabaeus, including specimens from 
all five continents. 

Of the collection, as brought to Australia in 1825, Mr. Fletcher says (these 
PROCEEDINGS, 1920, p. 577): “Except for a few specimens which W. S. Macleay needed to 
retain for study, the Macleay Collection, as it was brought out to Australia by Alexander 
Macleay, in 1825, comprised British insects collected by A. Macleay; British or other 
European insects collected by W. S. Macleay; gifts from or exchanges with their friends; 
specimens purchased from at least six important private collections; and acquisitions 
of specimens from Brazil, India, North Africa, Australia and elsewhere. .. .” 
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There appears to be little record of additions to the collection by Alexander Macleay 
after his arrival in Australia. His official duties and other engagements left him little 
time for scientific pursuits but his interest in the fauna and flora is evidenced by his 
donations to the Linnean Society and the Zoological Society as recorded in their publi- 
cations. Further evidence is afforded by his active interest in the foundation and early 
days of the Colonial Museum, later the Australian Museum. 

Soon atter his arrival in Sydney Alexander Macleay received a grant of. fifty-four 
acres of land at Elizabeth Bay. Mrs. Macleay, in a letter to her son W. S. Macleay, 
written apparently about June, 1827, refers to Alexander Macleay’s visits ‘‘to a place 
called Elizabeth Bay, of which he has got a grant of between fifty and sixty acres, where 
he is making a garden, and [hopes at] some future time to build a house; .. .” 
Governor Darling, who made the grant, stated in a despatch, “The land granted to Mr. 
Macleay at Elizabeth Bay, a mile and a half from Sydney, was for the purpose of 
erecting a family house and cultivating a garden. Mr. Macleay’s knowledge as a 
horticulturist is likely to prove beneficial to the colony.’”’ He was apparently interested 
in horticulture before he left England, for Robert Brown in 1826 named a new genus 
(Macleaya) atter his ‘much valued friend, Alexander Macleay, Esq., Secretary to the 
Colony of New South Wales, whose merits as a general naturalist, a profound 
entomologist, and a practical botanist, are well kKnown’’. 

There is no early record of the progress of the garden, but about 1836 he began to 
keep separate records of the plants and seeds he obtained for the garden. The entries 
show that for the years 1836 to 1843 inclusive the seeds totalled 3,806, including seeds 
for orchard and kitchen garden, as well as for the flower garden. The seeds were 
obtained from a wide range of countries, and there are many tributes paid by 
distinguished visitors to the garden at this time. These include Allan Cunningham, Dr. 
George Bennett, James Backhouse, and Dr. J. D. Hooker. 

Alexander Macleay’s interest in horticulture was not confined to Elizabeth Bay, 
tor he purchased some 15,000 acres in the vicinity of Camden, the property comprising 
Brownlow Hill and Glendarewel farm. Here James Backhouse records having in 1836 
“visited the agricultural establishment of the McLeays, on the Mount Hunter Creek, 
where they have a garden, producing Oranges, Apples, Loquats, Pears, Plums, Cherries, 
Figs, Mulberries, Medlars, Raspberries, Strawberries, and Gooseberries, and where Roses 
are in great profusion”. In the course of a lecture in 1834, the pioneer nurseryman and 
horticulturist, Mr. Thomas Shepherd, referred to the assistance he received from Mr. 
William Macarthur, of Camden, and Mr. Alexander Macleay, ot Elizabeth Bay, and added: 
‘it is to these two gentlemen that the early settlers were principally indebted for the 
numerous varieties of fruit and other trees raised in those days’’. 

Elizabeth Bay House was not occupied until after Mr. Macleay’s retirement from 
the position of Colonial Secretary, probably in 1837, and it was continuously occupied by 
-members of the family until the death of Lady Macleay in 1903, with the exception of 
one year when she was absent in England after the death of Sir William. 

Alexander Macleay died on 19th July, 1848, in his eighty-second year, his end having 
been hastened by a severe shock received in a carriage accident. The Sydney Morning 
Herald of 26th July, 1848, said: “There was a very large attendance at the funeral, the 
number of carriages being fifty. Among those present were the Commander of the 
Forces, the three Judges, and nearly the whole of the Government Officers, and a large 
number of old colonists of all classes. The pall-bearers were the Colonial Secretary, the 
Colonial Treasurer, Colonel Gordon, Mr. Baker, Attorney-General, Mr. Macpherson, Mr. 
Mitchell, and Mr. Campbell. ... Mr. McLeay was a man almost universally respected, 
and has descended into the grave full of years and full of honour; and from his 
consistent character, we may feel sure he has gone to his reward.” 


William Sharp Macleay 
William Sharp Macleay, eldest son of Alexander Macleay, was born in London on 
21st July, 1792. He was educated at Westminster and Trinity College, Cambridge, where 
he graduated with honours in 1814. On leaving the University he was appointed Attaché 
to the British Embassy in France, and subsequently was Secretary to the Board for 
liquidating British claims on the French Government, established at the peace of 1815. 
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In 1825 he was Commissioner of Arbitration to the Mixed British and Spanish Court of 
Commission for the Abolition of the Slave Trade established at Havana, Cuba, and in 
1830 was Commissary Judge of the same Court. In 1836 he was Judge of the Mixed 
British and Spanish Court of Justice established under the Treaty of 1835, and the 
same year he returned to England, visiting the United States on the way. This gave 
him the opportunity of getting into touch with American entomologists, and of doing 
some collecting. Soon after his arrival in England he was presented at Court as a 
mark of approbation of the way in which he had carried out his responsible official duties 
in Cuba. In 1837 he retired from the Public Service, and in 1838 left England for 
Australia. 

W.S. Macleay’s interest in zoology appears to have been due to his father’s example 
and influence and to his sojourn in Paris, where he had the opportunity of meeting 
distinguished French zoologists of that period. In his Horae Entomologicae he 
acknowledged his indebtedness to the works of Cuvier, Lamarck, Latreille, and Savigny, 
and referred to Latreille as the father of entomology. 

W.S. Macleay was interested in the philosophical side of zoology and in the search 
for a natural system—descriptive zoology had little or no attraction for him and was 
used by him only as a means to an end. In the Preface to the Horae Entomologicae he 
says: ‘Thus it requires neither talent nor ingenuity to invent an artificial system, and 
there may be as many hundreds of such as there are heads to devise them; but of 
natural systems there is and can be only one. Finally, the former is the miserable 
resource of the feeble mind of man, unable to comprehend in one view the innumerable 
works of the creation; whereas the natural system is the plan of creation itself, the work 
of an all-wise, all-powerful Deity.” 

In the first part of this work Macleay arrived at some new principles of classification, 
which, in the second part, were applied to an arrangement of the entire animal kingdom. 
Macleay himself did not formulate these principles of classification, but they were set 
out by the Rev. L. Jenyns in a “Report on the Recent Progress and Present State of 
Zoology” published in the Report of the fourth meeting of the British Association for the 
Advancement of Science held at Edinburgh in 1834. These views came to be known as 
the “Quinary System” or the “Circular and Quinary System’. This system was 
expounded by Vigors and by Swainson and was criticized by a number of zoologists. 
W. S. Busk, in the obituary notice of W. S. Macleay in the Proceedings of the Linnean 
Society of London says: “It would be out of place here to enter into an analysis or 
criticism of this work [the Horae Entomologicae], in which, however, it may be said 
are contained some of the most important speculations as to the affinities or relations of 
various groups of animals to each other ever offered to the world, and of which it is 
almost impossible to overrate the suggestive value. Speculative ideas, however, of such 
a general kind, even in the hands of their author, are apt to be carried too far in their 
application, and, when they fall into those of other speculators of less information and 
less capacity, can hardly fail to be grossly misused. This has been the case with Mr. 
MacLeay’s ideas; and thus, as observed by the author of a notice in the ‘Reader’, of his 
labours, the name of the ‘circular system’ and of ‘quinarianism’ became almost bywords, 
and the work of one of the most thoughtful and original of English biologists sank 
at one time into most unmerited neglect.” 

It must be remembered that the whole of W. S. Macleay’s published work appeared 
between 1819 and 1847, and as far as it deals with a natural system and principles of 
classification it is all pre-Darwinian. ; 

Before W. S. Macleay went to Cuba in 1825 he does not appear to have had a 
separate collection of his own, any specimens which came into his possession being 
added to his father’s collection. However, on his departure, his father allowed him to 
take such specimens as he was particularly interested in for work he had in hand or in 
prospect. 

While he was in Cuba, horticulture and natural history claimed much of his leisure. 
He took pleasure in cultivating Orchideae, particularly those parasitic on trees, in his 
garden at Guanabanacoa. He took advantage of the opportunity to collect, particularly 
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the groups in which he was interested. He sent many zoological specimens to England, 
where some were exhibited at meetings of the Linnean Society. 

On his return to England in 1836 he was welcomed into scientific circles and in 1837 
was elected to the Councils of the Linnean Society and of the Zoological Society, as 
well as that of the British Association for the Advancement of Science, of which he 
was President of Section D at the Liverpool meeting in 1837. At this meeting he had 
the opportunity of meeting Rev. W. B. Clarke and John Gould, these three meeting again 
in Sydney in 1839. About the same time also he met Charles Darwin in England, after 
the return of the Beagle. 

On 11th November, 1838, accompanied by his cousins William and John, W. S. 
Macleay left for Australia in the Royal George, arriving in Sydney in March, 1839. 

He had expressed his intention of remaining in Australia for three o1 four years, 
but he ultimately gave up the idea of returning to England and remained in Sydney, 
except for visits to Brownlow Hill and possibly to the Illawarra, for the rest of his life. 

He soon became specially interested in marine fauna, for the study of which he 
was very favourably situated. Fishermen used to draw their nets on the sandy beach 
at Elizabeth Bay, at the bottom of the garden, where it was easy for him to keep in 
touch with them and to obtain specimens. 

His published contributions, after his arrival in Australia, include four papers 
in the Annals and Magazine of Natural History, Vols. viii and ix, and two communicated 
as letters to the Sydney Morning Herald in 1847. 

In Sydney he made many friends—including Robert Lowe (Viscount Sherbrooke), 
Sir Thomas Mitchell, Sir Alfred Stephen, Lieutenant J. B. Emery of H.M.S. Beagle. 
Assistant-Surgeon T. H. Huxley of H.M.S. Rattlesnake, Surgeon F. Rayner and Assistant- 
Surgeon J. Denis Macdonald of H.M.S. Herald, Dr. James Stuart, Dr. George Bennett, 
Rev. W. B. Clarke, Sir William Denison, Rear-Admiral P. P. King, Dr. L. Leichhardt, 
Sir William Macarthur, Baron von Mueller, Sir Charles Nicholson, Mr. A. W. Scott, 
Mr. Justice Therry, Dr. J. Vaughan Thompson, and Rev. Dr. Woolls. Mr. Fletcher gave 
many details of these friendships in his account of the Macleays, as well as references 
to many noted visitors to Elizabeth Bay House (these ProcEEDINGS, 1920, pp. 608-628). 

Of his close association with the Australian Museum for a long period, Robert 
Etheridge Jr. wrote: “For twenty years or more, that eminent Naturalist, William Sharp 
Macleay, gave his best energies to the welfare of the Institution. Committeeman from 
1841 to 18538, Elective Trustee from 1853 onwards, ill-health compelled him to resign in 
January, 1862. The Board presented him with an address.” 

He died on 26th January, 1865, in his seventy-third year. The burial service on 
28th January was conducted by the Rev. W. B. Clarke. 

There is a cenotaph to his memory in St. James’s Church, bearing a medallion- 
portrait and the inscription: 


Gulielmus Sharp Macleay 
naturae indagator indefessus 
interpresque eruditus acutissimusque 
vixit annos LXXII. decessit die XX VI 
Jan. A. D. MDCCCLXV 


He was the leading zoologist in Sydney from 1839 till his death, and as the guide 
and mentor of William Macleay he exercised an influence which contributed largely to 
William’s interest in Science and therefore ultimately to the welfare of this Society. 


William Macleay. 

William John Macleay, the second son of Kenneth Macleay of Keiss, was born at 
Wick on 13th June, 1820. He was educated at the Edinburgh Academy and became a 
medical student at Edinburgh University. Before graduating, however, he accepted the 
advice of his uncle, Alexander Macleay, to emigrate to Australia, taking advantage of 
the opportunity to travel with his cousin, William Sharp Macleay. They left England 
on 11th November, 1838, on the Royal George, and arrived in Sydney in March, 1839. 
There seems little doubt that the close companionship with his cousin, and the oppor- 
tunity of sharing with him the scientific diversions during the long voyage, were largely 


x PRESIDENTIAL ADDRESS. 


responsible for William Macleay’s lasting interest in Natural History. He was a young 
man in his nineteenth year, and his cousin was a gifted and experienced zoologist who 
had entered upon the voyage prepared to study and collect as opportunity offered. As 
William Macleay contemplated a life on the land in Australia, he was fortunate in having 
as fellow passengers also James Macarthur, who had an unrivalled knowledge of the 
wool industry, and George Leslie, Arthur Hodgson and Fred Isaac, successful pioneer 
squatters on the Darling Downs. 

Soon after his arrival in Sydney he became a squatter on the Lower Murrumbidgee, 
probably with the advice of his uncle and his cousin, George. George Macleay had 
accompanied Sturt on his second expedition in 1829-30 with distinction and was later 
recompensed by the Government by an offer of a grant of 1,280 acres of land on the 
Lower Murrumbidgee. 

William Macleay’s first venture was the station later known as ‘‘Kerarbury” on the 
Lower Murrumbidgee. He resided here continuously for upwards of fifteen years, save 
tor occasional holiday or business visits to Sydney. 

He was elected to the old Legislative Council in 1855 as Member for the Pastoral 
Districts of Lachlan and Lower Darling. His election to the Legislature necessitated his 
residence in Sydney for part of each year and thus provided the opportunity of renewing 
close contact with William Sharp Macleay, of whom he had seen little during his fifteen 
years’ residence in the country. 

In June, 1857, he married Miss Susan Emmeline Deas-Thomson, and thereafter 
Sydney became his permanent home. In 1858 he set about the building up of his own 
collection. Mr. Fletcher has summed up the probable reasons why William Macleay 
commenced an active interest in Natural History and his own collection thus: ‘The 
most important provocations to action were: (1) William Macleay’s permanent residence 
in Sydney; the resumption of his intercourse with William Sharp Macleay; and the 
opportunity of beginning his scientific career with the encouragement and under the 
guidance of his cousin. (2) The prospective departure of George Macleay to England 
to settle there permanently. (3) The periodical visits of Surgeon Rayner, R.N., of 
H.M.S. Herald during 1854-61, but especially from 1857-58 and later. (4) The Rev. 
R. L. King’s friendship with William Sharp and William Macleay, and his growing 
interest in Entomology. (5) William Macleay’s friendship with A. W. Scott of Ash 
Island, which began with their association as Members of the First Legislative Assembly 
of 1856.” 

He was elected a member of the Philosophical Society of New South Wales in 
August, 1856. In a paper read before the Society in 1858 by Dr. Alfred Roberts, there 
is acknowledgement of specimens of snakes having been provided by W. Macleay, Esaq., 
and others. 

In 1851 he was elected a Trustee of the Australian Museum, thus continuing the 
succession of the Macleays on this Board, which had been unbroken since the appoint- 
ment of the first Committee of Management in 1836. He remained a Trustee until 1877. 

In 1862 William Macleay arranged the preliminary meeting which resulted in the 
formation of the Entomological Society of New South Wales. This meeting took place 
at his residence, 153 Macquarie Street, on 7th April. He had been collecting for about 
four years and was ready to begin descriptive work, but there was no local scientific 
journal in which results could be published. William Sharp Macleay, who was not 
present at the meeting, was invited to be Honorary President of the Society, but he 
subsequently declined on account of his failing health, and William Macleay was elected 
President. The record of this first meeting concludes: “A vote of thanks was 
unanimously given to Mr. William McLeay for his duties as Chairman, and for having 
been the originator of the Society.” 

In the Proceedings of the Entomological Society there are numerous records of 
William Macleay’s collecting activities and of the localities visited on collecting 
excursions. 

About 1860 William Macleay desired to employ a collector, and through Mr. Krefft, 
Curator of the Australian Museum, he got into touch with George Masters, an expert 
gardener, who utilized his leisure in collecting insects. Masters was sent to Port 
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Denison, and William Macleay was well pleased with the results. Masters, in 1862, 
decided to become a practical entomologist and to devote his time to general collecting. 
In June, 1864, he was appointed to the staff of the Australian Museum, where he 
remained till 1874. On his resignation from the Museum, William Macleay engaged him 
to assist with the Macleay Collection, with promise of having the curatorship of the 
Macleay Museum at the University. From this time onward William Macleay took 
“every opportunity of enlarging the Collection in all branches of Natural History”, but 
strove chiefly for its excellence as a Museum of “Animalia invertebrata’’. 

On 28th March, 1874, the Chancellor of the University of Sydney publicly announced 
the Senate’s acceptance of William Macleay’s offer to bequeath to the University the 
Macleay Collections and his library. William Macleay in his letter to the Senate towards 
the end of 1873 had written: “The Zoological collection which I leave to the University 
comprises very few specimens of the vertebrate animals, and, except so far as Australian 
species are concerned, it is not likely that I will attempt to add to it.” Having 
committed himself to this offer, he realized his need of a permanent assistant and this 
resulted in the appointment of George Masters. From this time onwards a great deal 
of systematic collecting was carried out by Masters, with the assistance of J. Brazier 
and E. Spalding for part of the time. One of the first tasks was the amalgamation of 
the collection of W. S. Macleay with William Macleay’s own, so as to have one collection 
only, to be known as the Macleay Collection. This was begun in April, 1874, and 
continued intermittently throughout the year. 

The year 1874 was a very busy one for William Macleay, for, in addition to the above- 
mentioned activities in connection with the Collection, there were the following events: 

(1) The visit of H.M.S. Challenger to Sydney under the command of Captain Nares, 
and with scientific staff including Professor Wyville Thomson, leader, John Murray, 
physicist, and H. N. Moseley and Dr. von Suhm, zoologists. This visit offered oppor- 
tunity for friendly intercourse and was most stimulating to the naturalists of Sydney. 
It was an inspiriting experience for William Macleay. 

(2) The first steps towards an expedition to New Guinea. Ultimately the barque 
Chevert was purchased for £3,000 in February, 1875, a number of vessels having been 
inspected over a period of three or four months. Three more months were occupied in 
carrying out alterations to the Chevert and in making the final arrangements. There 
were many celebrations before the departure of the expedition, one of them being a 
picnic given by this Society on 1st May at which William Macleay was the guest of 
honour. The party numbered about 60 and proceeded in three steamers down the 
harbour, lunching at Hunter’s Bay, Middle Harbour. 

The expedition left Sydney on 18th May, and proceeded as far as Hall’s Sound, New 
Guinea, at the north-west point of Yule Island, which was reached on 18th August. 
After collecting here for about two weeks, the party commenced the return journey on 
2nd September. William Macleay and George Masters left the Chevert at Somerset, 
returning to Sydney by mail steamer, where they arrived on 9th October. The Chevert 
arrived about a month later, in time for some of the rare molluscs collected to be 
exhibited at the monthly meeting of this Society on 29th November, 1875. 

The collections made by members of the expedition constituted an important addition 
to the Macleay “Collection, and William Macleay found that he was unable to accom- 
modate all his collections in Elizabeth Bay House, so he ‘commenced a building on one 
of his leased allotments of land in the garden, to be used as a Museum”. This building 
was on the land subsequently given to the Linnean Society at Elizabeth Bay. 

(3) The proposal to establish a Natural History Society, with which William Macleay 
expressed his hearty concurrence, but which came at a time when he was much occupied 
with other affairs. This Society was duly instituted and named “The Linnean Society 
of New South Wales”. 

(4) William Macleay’s resignation from Parliament in November, 1874, to give his 
attention entirely to Natural History and the improvement of his Museum. He had been 
a Member of Parliament since 1855, when he was elected to the old Legislative Council 
as Member for the Pastoral Districts of Lachlan and Lower Darling. In 1856 he was 
elected to the first Legislative Assembly under Responsible Government, and from 1859 
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he was Member for the Murrumbidgee, having succeeded his cousin George Macleay who 
had returned to England to make his home there permanently. 

From 1874 onwards he devoted himself almost entirely to his collections and to 
Natural History. The Linnean Society of New South Wales, instituted at this time, gave 
him one outlet for his enthusiasm for Natural History. He took a very active interest 
in the management of the Society, he contributed many papers to its scientific 
proceedings, and, as we all know, he made it possible by his benefactions for the Society 
to continue on a long career as one of the foremost Natural History Societies of the 
world. He was President from 1874 to 1877, and one of the Honorary Secretaries from 
1879 till his death in 1891. Even while he was President we find such entries in his 
journal as “revised the sheets of the Proceedings of the Linnean Society”. 

Shortly after the Society had lost all its possessions and its records in the Garden 
Palace Fire of 22nd September, 1882, he rented, for the Society’s use, No. 54 Phillip 
Street, for which, in his usual unostentatious way, he paid a rental of £300 a year. 
The Council, before long, gave consideration to the possibility of securing a permanent 
home for the Society. William Macleay offered to bear the cost of the erection of a 
building if a suitable city site could be obtained, but it was concluded that the 
provision of a city site was quite beyond the Society’s means. He then made an offer 
of both land and house at Elizabeth Bay—an offer gratefully accepted by the Council. 
On the oceasion of the opening of the Linnean Hall at Elizabeth Bay on 31st October, 
1885, about 80 guests partook of the hospitality of the Hon. W. Macleay who formally 
presented to the Society the hall and the land for a period of 89 years, the unexpired 
portion of his original lease of the ground for 99 years. 

I may be permitted to quote portion of the address given by the President of the 
Society, Professor W. J. Stephens, in returning thanks for the magnificent gift. He said: 

“In the brief history of the operations of the Linnean Society in New South Wales, 
which you have just laid before its members, and your notice of the inconveniences and 
even disaster under which its work has been hitherto maintained, I observe a serious 
omission of important facts. It is quite true that the Society was in the first instance 
confined to a very indifferent lodging, that our affairs were improved by the permission 
of the trustees of the Free Public Library to occupy for the purposes of our meetings 
a room in that establishment, and that our possession of excellent quarters in the 
Garden Palace was only terminated in a fatal conflagration. You have forgotten, how- 
ever, to state that since that misfortune you have lodged the Society at your own 
expense, providing for its use in the first place an office in Hunter Street; and, secondly, 
a commodious house in Phillip Street, in which we have been for two years exceedingly 
comfortable, and which you cease to place at our disposal only because you have now 
completed the building of this spacious and admirably planned Palace of Science which 
you have this day presented to us. You have also neglected to inform us of the fact that 
you have yourself supplied the salaries of the paid officers of the Society. That you 
have defrayed by far the greater portion of the cost of the Society’s publications, and 
that you have purchased and presented to the Society two inestimable collections of 
scientific books and records, one unhappily doomed to perish in flame, the other, I trust, 
likely to remain safely and conveniently arranged in this house for the continual use and 
advantage of the Society. One further benefit you have conferred upon all members, 
present and future, and, I may add, upon the whole of Australia, in the incorporation of 
the Society by Act of Parliament. It is to you that the country owes the establishment 
of a new and permanent institution, founded not for the sake of any pecuniary, social, 
or political advantage to its members, but for assistance to students in their labours to 
promote knowledge, for the progress of this community, and for the welfare of humanity. 
There is a malignant old proverb which advises us not to look a gift horse in the mouth. 
Your horses, however, require no examination. They have been given with a warranty, 
a warranty absolute and perfect, which we all recognize with a kind of wonder, in the 
far-reaching and thorough-going character of your munificence. No higher guarantee for 
the soundness of your gift horse could be offered, and your own delicacy and reticence 
prevent us from knowing, except on our own conjecture and estimate, how astonishing 
and prodigious your liberality has been. I purposely omit on this occasion any 
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particular reference to the similar services which you have rendered to other institutions, 
and hasten, as President of the Linnean Society of New South Wales, to offer you a faint 
and inadequate expression of the feelings which animate our whole body. The Society 
entertains an ardent gratitude towards you—a gratitude which is not dulled, as gratitude 
may sometimes be dulled, by any affectation of beneficence, or any haughty or incon- 
siderate phrase or touch of manner in your acts of donation, but is, on the contrary, 
ever quickened by the freedom from vulgar ostentation and by the generous simplicity 
which specially characterize your behaviour towards the Society. You will, I hope— 
or rather, I am confident—accept these few words, as an honest attempt to give some 
expression, however imperfect, to the sentiment dominant in every heart in this 
gathering of your friends and guests. In their name I thank for your services as an 
active partner in their labours, as a wise legislator and officer in the management of 
their affairs, and a benefactor whose munificence would have made us feel a heavy 
burden of obligation, had it been attended with scantier courtesy, or with less emphatic 
kindness.” 

I should also like to quote the Hon. William Bede Dalley, M.L.C., who proposed the 
health of William Macleay at the same function in the following words: 

“Perhaps of all persons present on this most interesting occasion I am, unhappily, 
so far as concerns an educated familiarity with the various branches of knowledge 
specially cultivated by this Society, the one person with the least title to be here... . 
And yet I have a title to be here, and that is the depth and earnestness of my admiration 
of the life and character and attainments of the man to whom your society in this 
country owes its origin, its maintenance, and to-day and henceforth its home. I lament 
to say that I am as profoundly and absolutely ignorant as Dr. Johnson declared 
Goldsmith to be of ‘Animated Nature’ when that kindliest of our humourists undertook 
to write a book upon it; but I have a fuller knowledge of the great heart of your 
benefactor than perhaps anyone about me—and this is my title to be here to-day and 
to undertake the duty which your President has asked me to discharge in proposing the 
health of Mr. Macleay on this memorable occasion. It is one of the greatest pieces of 
good fortune that can befall any community, young or old, to possess citizens who 
combine a love of culture in any of its multitudinous forms with the means of its 
encouragement, and the generosity to employ them for its diffusion. In such hands 
wealth (so often used for mere purposes of vulgar display or personal ambition) becomes 
an arm—and a strong one—to uphold and promote public education. In the person of 
our friend, who has done us the honour of inviting us here to this festival of his 
liberality, you have one who in a pre-eminent degree is our representative man in 
this colony of the kind of citizens of whom I am speaking. He is one who is already 
possessed of a reputation which would secure him a cordial welcome in the first scientific 
circles of Huropean capitals. With a princely fortune, which he expends on such objects 
as those of your Society, he lives amongst us, has never left us, and has no other idea 
of employment of his life than that of being useful to the country, which is proud of his 
culture, of his great simplicity, and of his noble munificence. It was worth coming here 
to-day to hear the characteristic terms in which, in a single brief sentence, he presented 
you your home for ever. The words seemed to me, after a 25 years’ friendship—which 
I regard as one of the great distinctions of my life—not altogether unfamiliar, since I 
have known in the intimacy of our relations almost numberless cases where actions as 
noble were performed with the accompaniment of speech as simple; and whose rare 
generosity was disguised as an ordinary commonplace proceeding. ‘The necessity, 
however’, he says, ‘for more room and less noise, has induced me to build this edifice 
we are now assembled in, which I beg to present, such as it is, to the Society for a 
period of 89 years, the unexpired term of my original lease of the ground for 99 years.’ 
This is all you have of the solemn act of dedication of this magnificent building for the 
noble purposes of your Society. Mr. Macleay gives you his house with a half-feeling of 
shame that, in the pursuit of his sovereign passion in life, the splendid gift is so 
unworthy of the objects of your Society; like that noblest of cavaliers in the old civil 
wars—for he himself brings into science something of the cavalier spirit—who said 
of his house given up by him to the service of his sovereign, that ‘if his king had no 
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more ground in England than Basing House stood upon he would adventure it as he did, 
and would maintain it to the uttermost in his service’. I propose to you the health of 
one of whom.the country is proud, to whom you are grateful for daily and numberless 
benefits, and to whom my obligations as a dear friend, have been for nearly half my life 
unspeakable. I give you the health of William Macleay.” 

But William Macleay was not yet content with this munificence to the Society. He 
provided for someone to take over the responsible work of the Society, announcing the 
fact at the opening of the Hall in these words: “. .. the burden of generally directing 
the business of the Society, and of editing its publications, which, under the control of 
the Council, has, for some years past, chiefly fallen upon me, will, I hope, henceforth be 
borne on worthier shoulders. Mr. J. J. Fletcher, M.A. of Sydney University, and B.Sc. 
of London, is about to undertake the duties of Secretary and Director of the 
institution. ...’’ He omitted, however, to make any mention of the fact that he himself 
had undertaken to pay Mr. Fletcher’s salary, which he continued to do until his death. 
Indeed he considered this direction of the Society’s affairs so important that he wrote 
a letter to Mr. Fletcher (quoted by Sir Baldwin Spencer, these ProcrkEpINGS, 1927, 
p. Xxxvi) stating: “I shall now arrange that the first charge on the £10,000 I leave as an 
endowment to the Linnean shall be the salary of the Director, at present I presume my 
promise will be sufficient security.” This letter is now in the possession of the Society, 
having been presented by Mrs. Fletcher in 1927. His remaining benefactions to the 
Society are well known to you all, but may be briefly stated here. 

Before his death he transferred to the Society a mortgage of £14,000 and in his will 
bequeathed to it a further sum of £6,000. For the establishment of four Linnean Macleay 
Hellowships the sum of £35,000 was bequeathed to the Society, subject to a life interest 
on the part of Lady Macleay. He also bequeathed a sum of £12,000 to the University of 
Sydney under certain conditions and in the event of the Senate of the University 
declining all or any of the conditions, the sum was to be handed to the Linnean Society 
for the employment of a competent bacteriologist to conduct original research. 

The marble bust of William Macleay, which adorns the Society’s rooms, was the 
result of a suggestion made by Dr. J. C. Cox on the occasion of the opening of the 
Linnean Hall. It was executed by Signor Simonetti and was unveiled on 22nd June, 
1889, when Sir William was the guest of members of the Society. On the motion of 
Sir Patrick Jennings it was resolved ‘‘That the members of the Linnean Society of New 
South Wales hereby dedicate the portrait in marble, which has been executed for them 
by Mr. Simonetti, sculptor, to the perpetual remembrance of the singular services which 
have been rendered to the Society by their distinguished and munificent fellow member, 
Sir William Macleay, Knight”. : 

During all the time William Macleay was devoting his attention to Natural History 
and his Museum, he still took his part in a variety of activities. He was a member of 
the Senate of the University of Sydney from 1875 until his death; a member of the 
Legislative Council from 1877 till his death; one of the Commissioners who organized 
the International Exhibition of 1879 for which the Garden Palace was erected; and a 
Member of a Committee appointed by the University Senate to repert on the require- 
ments of a contemplated Medical School in 1879. He received the honour of Knight 
Bachelor in 1889. He died on 7th December, 1891. 

The following tribute was paid to Sir William’s beneficence by the late Mr. J. J. 
Fletcher, who worked in close association with him for a number of years: “. .. among 
Australian public benefactors whose names are deservedly held in honour and esteem, 
William Macleay occupies a niche entirely his own. He was pre-eminently the Patron 
of Natural Science in Australia; and as such he was a worker as well as a giver. And 
splendid though his benefactions were, amounting from first to last to about one hundred 
thousand pounds, he has left his adopted country a nobler and more estimable heritage 
in his example and in his long-continued personal service without fee or expectation of 
reward, and without any craving for outward and visible signs of public approval or 
popularity, actuated simply by a sincere desire to see the land of his adoption, whose 
splendid possibilities he fully recognized, attain the full measure of its intellectual as 
well as of its material development.” (Macleay Memorial Volume.) 
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Fifty years have passed since the death of Sir William Macleay, and I venture the 
opinion that he would have been well content with the results of his benefactions. The 
scientific work carried out by members and publication of the results in the Society’s 
PROCEEDINGS, the achievements of the Linnean Macleay Fellows and the Macleay 
Bacteriologists, and the many activities in which the Society has participated, were, to 
a great extent, made possible by his liberality. 

Perhaps some future President will attempt the task of surveying the work done 
by the Society in the various branches of science and of estimating the value of the 
Society’s contribution towards its avowed object—‘‘the cultivation of the study of 
Natural History in all its branches”. 


The Honorary Treasurer, Dr. G. A. Waterhouse, presented the balance-sheets for the 
year ended 28th February, 1942, duly signed by the Auditor, Mr. S. J. Rayment, A.C.A. 
(Aust.); and he moved that they be received and adopted, which was carried 
unanimously. 


No nominations of other candidates having been received, the Chairman declared 
the following elections for the ensuing session to be duly made: 


President: F. H. Taylor, F.R.E.S., F.Z.S. 


Members of Council: Professor E. Ashby, D.Sc., Lilian R. Fraser, D.Sc., G. D. 
Osborne, D.Sc., Ph.D., T. C. Roughley, B.Sc., F.R.Z.S., E. Le G. Troughton, C.M.Z.S., and 
G. A. Waterhouse, D.Sc., B.E., F.R.E.S. 


Auditor: S. J. Rayment, A.C.A. (Aust.). 


A cordial vote of thanks to the retiring President was carried by acclamation. 
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OXYGEN ECONOMY OF COXELMIS NOVEMNOTATA (KING) (COLEOPTERA, 
DRYOPIDAE). 


By Consett Davis, M.Se., Lecturer in Biology, New England University College. 
(Five Text-figures. ) 


[Manuscript received 20th October, 1941. Read 25th March, 1942.] 


Introduction. 


Coxelmis novemnotata (King) is a member of the sub-family Helminae, family 
Dryopidae. It occurs commonly on submerged logs in freshwater streams around Sydney. 
It is never tound in water which is actually stagnant; the oxygen content of waters 
where it occurs is normally rather high (all determinations over 50% saturated). It 
appears never to come to the surface, but to carry on continuous oxygen exchange with 
the water in which it lives. Indefinitely-continued utilization of dissolved oxygen, with 
no direct or indirect contact with the surface, is exceptional for adult insects; it has 
been shown to occur by Szabo-Patay (1924) in Aphelochirus aestivalis F. (Hemiptera, 
Aphelochiridae), and suggested by Hsaki and China (1927) for Idiocoris and Paskia 
(Hemiptera, Halotrephidae), and possibly for Pontomyia natans Edwards (Diptera). 

Specimens used in the present work were collected in freshwater creeks at Galston 
Gorge, near Hornsby, N.S.W. They agree with the specific concept of Cozelmis 
novemnotata (King) C. & Z. elaborated by Carter and Zeck (1929); the author has also 
repeatedly compared specimens with material identified by the late H. J. Carter. 


THE LARVA. Figs. 1-4. 


Larvae appeared in a culture of adults of Coxelmis novemnotata which had been 
kept for three months on dead wood submerged under running water. Larvae of exactly 
similar structure (Fig. 1), in all stages, have been collected in association with adults 
in the field (Galston Creek), where they form superficial channels on the surface of 
dead, submerged logs. They agree closely with the larvae of Helmis pusillus Lec., 
figured by Boving and Craighead (1931, Pl. 71, T). The conical ninth abdominal segment 
(Fig. 2) carries a ventral flap or operculum, which can be closed by muscle action and 
opened by pressure. When open, the tracheal gills, consisting of one mid-dorsal and 
two lateral tufts, are extruded. Fach of the two main longitudinal tracheal trunks of 
the body bifurcates posteriorly, sending a component to the mid-dorsal group and a 
connection to the lateral group on that side. The gills are rhythmically extruded and 
retracted by the living larva. 

Twelve large fusiform tracheae (Fig.-3) are grouped around, and parallel to, the 
alimentary canal in the anterior and middle region of the abdomen; in larvae of length 
7-8 mm., these tracheae are 1:4 mm. long and 0:13 mm. in diameter. Each connects at 
one end, by means of a slender tracheole, to one of the two main tracheal trunks; at 
the other end, a fine tracheole arises, sending off capillaries which are applied to the 
alimentary canal. These twelve organs can be regarded only as gas reservoirs. 

Each main tracheal trunk gives off a short, slender branch in the second thoracic 
segment (Fig. 4); this branch leads to a latero-dorsal spiracle, which may be non- 
functional. It could not be determined (by dissection) whether an actual opening was 
presetft, or merely a transparent area in the body-wall. At all events, the small size of 
this spiracle (0:01 mm. diameter), even if it is actually open, discounts any functional 
importance, and the larval tracheal system may be considered virtually if not actually 
closed.* 


* The presence of at least one pair of spiracles is used as a criterion for the Helminae in 
the larval key of B6ving and Craighead (op. cit., p. 45). This is not taken to imply that the 
spiracles are necessarily functional. 
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Figs. 1-3.—Cowelmis novennotata (King), larva. 1, Dorsal view, x 12, anal gills fully 
extruded. 2, Lateral view of eighth and ninth abdominal segments, showing ventral operculum 
and three tufts of gills, x 30. 3, One of the twelve tracheal reservoirs from the abdomen, x 63. 


The original formation of gas in the tracheae is probably caused by super-saturation 
due to a reduction in hydrostatic pressure, this being caused by exosmosis from the rigid 
closed tracheal system following muscular activity at eclosion, as described by Helson 
(1935) tor Stenoperla prasina Newman (Perlaria, Hustheniidae). There is no reason 
for supposing that the oxygen economy of the larvae of Coxelmis novemnotata differs 
from that of any other purely aquatic insect larva with a closed tracheal system and 
external tracheal gills. Preliminary experiments suggest that the oxygen requirements 
of the largest larvae (length 7-8 mm.) are twice to three times those of the adults 
(infra). 


TH. ADI Hie. 5. 
A. Description, Observations and Qualitative Experiments. 

The average length of adults of Coxrelmis novemnotata is 3 mm., the ventral surface 
occupying an average area of 0-028 cm.2 The ventral surface is covered with parallel 
adpressed hairs, spaced approximately 0:0025 mm. apart in the lateral regions, more 
sparse towards the mid-line. Except in the median areas, the ventral surface of 
submerged specimens is covered by a thin gas film; the absence of air from the mid- 
ventral region is approximately compensated by the air-films of the pubescent coxae, so 
that 0-028 cm.* appears to be a fair estimate of the area of the gas-water interface. 
Dorsally, hairs are sparse and no film is present. 

The ventral air-film is directly continuous with the sub-elytral air stores, which 
occupy approximately 0-06 cu. mm. Into the air stores open the spiracles, two thoracic 
and six abdominal. The last two pairs of spiracles (Fig. 5) are the largest, and they 
are connected to the longitudinal spiracular trunks by relatively thick tracheae (diameter 
0-05 mm., compared with 0:02 mm. for the trunk). Six fine sub-parallel tracheoles are 
attached to the underside of each elytron, running longitudinally and abutting on the air 
stores. They seem unlikely to have any functional significance. 

Adults freed from superficial moisture have an average weight of 1:4 mgm.; after 
30 minutes in air, the average weight of the still-active beetles is 1:2 mgm. Sub-lethal 
drying reduces the average to 1:0 mgm. The second figure seems the truest estimate of 
the live weight. The average weight after treatment with strong caustic soda, followed 
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by washing and drying, is 0:2 mgm., giving the average weight of living tissue as 
1:0 mgm. per beetle. 

The adults occur on submerged logs, very often in such a position that access to the 
surface by means other than swimming or floating seems impossible. They are very 
inactive, adhering to the substrate by means of the over-developed tarsal claws. They 
are unable to swim, moving the legs to and f1'o aimlessly and ineffectively when detached 
from the substrate. By contraction of the body, some measure of controlled buoyancy 
seems to be effected, on the principle of the “Cartesian Diver’. Field observations lead 
to the view that the adults normally never leave the water, or even come to the surface. 
When removed trom water, they attempt to return, and, although they can survive for 
30 minutes in air at 70% relative humidity at 17°C., 60 minutes’ exposure causes death, 
no specimens recovering when returned to water after that time. 


Fig. 4.—Cowzelmis novemnotata (King), larva; left half of thorax viewed from above, the 
tergal region folded back to the left, x 48. (1, 2, 3, thoracic terga, from inside; T, left 
longitudinal tracheal trunk; B, small tracheal branch leading from trunk to S, reduced 
(? non-functional) spiracle.) 

Fig. 5.—Cozelmis novemnotata (King), adult. Dorsal view of tip of abdomen, x 59; dorsal 
body-wall removed except for a small flap on the left; all organs except parts of the left half 
of the tracheal system removed. The two large posterior spiracles, and their thick connections 
to the longitudinal spiracular trunk, are visible. (All figures based on camera lucida outlines.) 


Adults have been kept under running tap-water in the laboratory for nine months 
without any apparent injury, larvae appearing in the culture during that time; all access 
to air was prevented by a muslin cover. Carter and Zeck (op. cit., p. 50) record the 
keeping of adults submerged in an aquarium, aerated with aquatic plants, for five months. 

It has been noticed that, in crowded cultures subject to oxygen lack, slightly increased 
temperatures often cause death; under the same conditions, muscular activity associated 
with lack of a suitable substrate produces the same results. When submerged in running 
tap-water, adults arrange themselves at random over the substrate; when placed in 
air-free water, they gradually arrange themselves at the surface or within 5 mm. of it. 

It seems that all the indirect evidence is in favour of the view that adults of this 
species normally remain submerged continuously, and obtain their oxygen requirements 
from solution by means of the ventral air-film, which thus acts as a gill. 
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B. Quantitative Experiments. 


‘ 


Healthy adults of Coxvelmis novemnotata were freed from superficial dirt by gentle 
rubbing between cotton wool, immersed for one minute in a 1% aqueous solution of 
mercuric chloride, and transferred to distilled water for immediate use. Several litres 
of distilled water, aerated by bubbling, were transferred to a large open container and 
kept well stirred. Weighing bottles (volumes 15-22 c.c.) were filled with this water, and 
into some bottles a known number of beetles was introduced, alternate bottles being kept 
as controls. All bottles were quickly sealed with complete exclusion of air bubbles, and 
sunk in a water-bath for temperature stabilization. The contents were mixed by inversion 
at the end of 3, 6, 18 and 24 hours. After 24 hours, a 10-c.c. sample was extracted from 
each bottle and its oxygen content determined. The starting times for the bottles were 
arranged at 10-minute intervals, the 24-hour runs being so staggered as to allow sufficient 
time for the oxygen determination on each at the end of the run. Oxygen determinations 
were carried out on 10-c.c. samples from the container from which the bottles were 
filled, before, during and after the filling of the bottles. 

The syringe-pipette method described by Whitney (1938) was followed for all oxygen 
determinations. From a series of preliminary readings it was judged that an experi- 
mental error of not more than 0-01 c.c. N/50 thiosulphate on the microburette reading 
was normally present, although about one reading in twenty showed a greater divergence 
from the mode (up to 0-04 c.c.) on the lower side. This is possibly due to occasional 
inefficiency of oxygen uptake by the manganous hydroxide. (The second control reading 
of Exp. 1, and the last reading of Exp. 3 (infra) are perhaps due to an error of this type, 
but have of course been included in the calculations). Oxygen introduced with the 
reagents (MnCl., NaOH—-KI solutions) was calculated by blank experiments before and 
after the experimental runs; a 10-c.c. sample of distilled water, which had been boiled to 
expel air and cooled in the absence of air, was analysed by the normal technique, the 
reading representing oxygen introduced with the standard volumes of reagents. This 
factor is of importance only in calculating the absolute oxygen tension at the start of 
the experiment. Occasionally, during the induction of the sample into the barrel of the 
syringe, an air bubble entered past the plunger. All such experiments were rejected; 
their occurrence is noted to explain the discrepancy between the numbers of experi- 
mental and control readings in Exps. 1 and 8 (infra). 

All beetles survived the treatment, being alive and healthy some days afterwards, 
although some showed temporary distress at the end of Exp. 1, where the final oxygen 
tension was very low. 

The following results were obtained: 

Experiment 1: 5-6/iii/41. Water temperature 20:5-21-0°C. 

Initial oxygen concentration: 10-c.c. water sample contains equivalent of 0-28 c.c. 
1:02N/50 sodium thiosulphate (four readings). ; 

Oxygen introduced with reagents equivalent to 0-03 c.c. thiosulphate (four readings). 

Whence initial oxygen content = 2-9 c.c. S.T.P./litre. 

Oxygen concentration in controls, 24 hrs.: 10-c.c. samples contain equivalent of 0:28, 
0:25, 0:28, 0-28 c.c. 1:02N/50 sodium thiosulphate. 


Volume of bottle and number 10-c.c. sample equivalent to Oxygen consumption, c.c. 
of adult Cogelmis included. x c.c. 1:02N/50 thiosulphate. S.T.P./beetle/hour.* 
ILO) (CHCr 1.65) 0-18 8:0 x 10> 
IL) CHC 1165) 0-14 6:2 x 1055 
Ge CC: 15 0-15 6:0 x 10-5 


Hxperiment 2: 6—-7/111/41. Water temperature 18-5-19-5°C. 
Initial oxygen concentration: 10-c.c. water sample contains equivalent of 0:30, 0:29, 
0:30, 0°31 c.c. 0-98N/50 sodium thiosulphate. 
Oxygen introduced with reagents equivalent to 0-03 c.c. thiosulphate (two readings). 
Whence initial oxygen content = 3-0 c.c., S.T.P./litre. 


* Oxygen consumption, e.c. S.T.P./beetle/hour = 0-112 xvk/240n, where x = difference 
between microburette reading at end of experiment and average for controls, in ¢.c.; v = volume 
of bottle, in c.c.; k = reduction factor relating thiosulphate to N/50 strength; and n = number 
af beetles used. 
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Oxygen concentration in controls, 24 hrs.: 10-c.c. samples contain equivalent of 
0:30, 0:29, 0:28 c.c. 0:98N/50 sodium thiosulphate. 


Volume of bottle and number 10-c.c. sample equivalent to Oxygen consumption, c.c. 
of adult Cowelmis included. x c.c. 0:98N/50 thiosulphate. S.T.P./beetle/hour. 
7:9) exe: 6 0:22 9:6 x 10-5 
WS) Gye 6 0:24 6:7 x 10-5 
17-2 @.c. 6 0:23 7-9 x 10-5 


Experiment 8: 3-4/vi/41. Water temperature 14-16°C. 

Initial oxygen concentration: 10-c.c. water sample contains equivalent of 0:36, 0:35, 
0:35, 0°35, 0°37, 0-36, 0-36, 0°37, 0:36 c.c. N/42:3 sodium thiosulphate. 

Oxygen introduced with reagents equivalent to 0:04 c.c. thiosulphate (three readings). 

Whence initial oxygen content = 4-2 c.c. §.T.P./litre. 

Oxygen concentration in controls, 24 hrs.: 10-c.c. samples contain equivalent of 0-36, 
0:37, 0:37, 0:36 c.c. N/42:3 sodium thiosulphate. 


Volume of bottle and number 10-c.c. sample equivalent to Oxygen consumption, c.c. 
of adult Cowelmis included. x c.c. N/42-3 thiosulphate. S.T.P./beetle/hour. 
16-8 c.c. 8 0-32 5e2 xX 105° 
16° 'e:e. 8 0:32 5e2) x 1055 
UGG Ce 8 0:32 5:0 x 10-5 
1622 Cr: 8 0:30 Teme Ome 
I edh CxO, 8 0:27 ideal $< ale 


The average individual oxygen consumption from these experiments is 
70 + 1-7 x 10° cc. S.T.P./hour (11 determinations, in three sets differing in oxygen 
tension, temperature and season). Preliminary experiments using unsterilized stream 
water almost saturated with oxygen at its normal partial pressure in air gave somewhat 
higher readings (12 c.c. x 10° S.T.P. per hour for each beetle), but these experiments 
are not regarded as critical in view of the relatively high oxygen loss in the controls. 

Taking the weight of living tissue in each individual as 1:0 mgm. (supra), the 
oxygen consumption of 7 x 10° cc. S.T.P./hour is equivalent to 70 c.c. S.T.P./kgm./hr. 
This figure seems to be low in comparison with most insects; Ege (1918, p. 100) gives 
readings of 212-429 c.c. S.T.P./kgm./hr. for Dytiscidae, Notonectidae and Corixidae 
(resting specimens, in summer), but, for resting Coriza (op. cit., p. 102), 335 c.c. at 
18°C. (summer) to 15:6 cc. at 6°C. (winter). Chadwick and Gilmour (1940) give figures 
equivalent to 1,440 cc. S.T.P./kgm./hr. for resting specimens of Drosophila repleta 
Wollaston, with an increase to 1,300% in flight, and these figures seem to be fairly 
representative for aerial insects. 

It might be said that the low oxygen requirements of adults of Coxvelmis are an 
adaptation to the aquatic environment, but it seems more reasonable to suppose that 
the relative inefficiency of oxygen uptake associated with continued submergence has led 
to a retardation of metabolism and activity. Pumping movements are never observed in 
submerged specimens, but are characteristic of beetles temporarily removed from water, 
when unusual activity always ensues. This is consistent with the view that submerged 
beetles are subject to chronic oxygen lack. 


C. Theoretical Considerations. 

It has been shown by the classic work of Ege (1918) that air stores of submerged 
respiring insects, in theory and practice, tend to decrease in volume, and finally, other 
things being equal, to disappear. This decrease follows from the very high invasien 
coefficient of carbon dioxide, and is only slightly delayed by the low invasion coefficient 
of nitrogen, which diffuses outwards in response to partial pressure differences. In 
insects such as Coxelmis, hydrofuge hairs are present, and meniscus formation between 
these will prevent continued reduction in actual volume of the air stores. Behind these 
menisci, lowered hydrostatic pressure of the air stores will ultimately counteract the 
tendency for further loss of nitrogen into solution, provided that the surface tension 
forees available are sufficient for the stresses placed upon them. It will be of interest 
to calculate the reduction in hydrostatic pressure of the air stores necessary to maintain 
the system in the steady state. 
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The following symbols may be adopted: 
k = oxygen consumption of beetle, c.c. S.T.P./minute. 
P = external pressure on beetle = 1 at. 
Pi = pressure in gas store of beetle. 


X = oxygen concentration % Average values for water-gas interface of 
n = nitrogen concentration % air film; 

ec = carbon dioxide concentration % Xo me C= 100 

A = area of gas-water interface of beetle’s air film, cm.?. 

You: Yco Yno = invasion coefficients of oxygen, carbon dioxide and nitrogen, 


c.c. S.T.P./em.2/minute per atmosphere difference in partial pressure. 

Two assumptions, likely to be, at best, near approximations, have been made: (1) 
That the R.Q. is unity, i.e., that k c.c. S.T.P. of carbon dioxide are produced per minute; 
(2) that the surrounding water is in equilibrium with a normal atmosphere, and remains 
so by circulation; the partial pressures of nitrogen, oxygen and carbon dioxide out of 
solution are thus taken as 0-7904P, 0:2093P and 0:0003P respectively. (It will be seen 
from the calculation below that the same results would be obtained regardless of the 
relative proportions, provided the sum of the partial pressures is and remains at P). 


Pi 
Then, in the steady state, 0:7904P = a (1) 
xP; 
COF2 093s A oa Se By SOA ean? Cyc coe oo cey eee  G eco era (BB) 
100 
Oey 
( = 0.0003 Py Ney cei) eo Sei | yousae! ce) Auceees el tele) 1 Puce ucace alby ec tet a ena Remi pee (38) 
100 
ATS nx ECR S MOO ae eee a RES AR Oe ea oe ewe ay ee tae (749) 
k xP; 
From (2), = 0:0293P — (5) 
AYo2 100 
k CPi 
From (3), = SKOSOO OSPR wiser eke) Ne eres inde ea SSNS TENA aaa EP nate (Gy) 
AYcoz 100 
(100 -x-c)Pi x+c 
Prom (1) and (4), 0:7904P = —=——~——— = Pi — ¢ Vie Men eheee memerac (Th) 
100 100 
k 1 1 (c+x)Pi 
From (5) and (6), — ( - ) = 0:2096P — ————— 
A Yoru Ycoe 100 
= AONE 2 Oo nKe — 125, iron 7S IP Pa oe , BY erie n Gels: 


Substituting the values k = 7:0 x 10°/60 c.c. S. TP) anne, ies = 0 028 cm.? and 


Yoo = 0:029 c.c. S.T.P./em.?/minute/atmosphere,+ and assuming tends 


Yco2 
to zero, we find the reduction in internal pressure theoretically required to 


maintain the respiration in the steady state = 0:0014 at. = 1:1 mm. Hg. 


It has been noted that the distance between parallel adpressed hairs is of the order 
of 0:0025 mm. Semi-circular menisci of this order of size would cause a reduction in 
pressure of over half an atmosphere. If these hairs are, as they appear, really unwet- 
table, then their spacing is far closer than is necessary for steady respiration of the 
order observed. The following experiments support this view: 

(1). Adults of Cozelmis novemnotata were placed in water, which was then 
subjected to a decrease in pressure of 18 em. Hg. until formation of air bubbles from 
solution and from the air stores had ceased. The pressure was then restored to normal 


* Footnote (added 24th November, 1941): If the respiratory quotient is not unity, but Q, 
then kQ ec.c. S.T.P. of carbon dioxide are produced per minute by each individual, and the 
formulation becomes: 

k ik Q 
Pye iP 2 (eS 
Yoo Yoo2 

For values of Q likely to apply (0:5-1:5), this is virtually the same expression as above, 
in view of the very high value of Yop: 

y Value obtained experimentally by Ege (op. cit., p. 100) at 17°C., under conditions ‘“‘which 
as nearly as possible correspond to the circumstances upon which they will be used”. 
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and the beetles, kept continuously under the same water, were quickly examined under 
the binocular. Their air films were unchanged. 

(2). This experiment was repeated, the reduced pressure being maintained for one 
hour after bubble formation had ceased. Under these circumstances the air stores 
would tend to come into equilibrium with water saturated at 18 cm. Hg. below uatmos- 
pherie pressure. The air film was unchanged by the process. 

(3). In none of the quantitative experiments described above was the air film 
dissolved, even at the end of Exp. 1, where the water was only about 20% saturated 
with oxygen. 

OTHER SPECIES. 

The adults of the tollowing New South Wales species have the same general habits 
and field distribution as Coreimis novemnotata (King): Coxrelmis trinotata C. & Z., 
Notriolus galstonius C. & Z., N. maculatus (Cart.), and Simsonia purpurea (Cart.). In 
mixed cultures, the species of Notriolus die under conditions of oxygen lack before those 
ot Coxrelmis; this may possibly be due to their smaller area:mass ratio (length nearly 
4 mm.). 

In Tasmania the species Simsonia tasmanica (Blkb.) occurs not only in running 
water, but also on the littoral of highland lakes (e.g., Lake St. Clair). Although no 
determinations have been made, it is assumed that the waters of these lakes are well 
oxygenated. 

In California the species Helichus tmmsi Hinton (sub-family Pelonominae) occurs 
commonly in shallow pools beside running creeks (e.g., Niles Canyon). General observa- 
tions suggest that, although it possesses hydrefuge hairs and an air film as in Covrelmis, 
it does not depend on this tor continuous oxygen exchange. Its greater average length 
(8 mm.) and weight (20 mgm.) render its area:mass ratio low (about one-third that of 
Coxelmis spp.), and it is more active, leaving the water readily. Individuals placed on 
a piece of log in cool aii-free stream water immediately and rapidly made their way to 
the surface, remaining at or just above it and returning there if submerged again. No 
quantitative data on the oxygen consumption of this species are available, but appreciable 
uptake of oxygen by unsaturated water from the beetles’ air stores was recorded after 
three hours’ immersion. This fact should be considered in assessing the reliability of 
the quantitative experiments on Coxelmis noted above; the values calculated are all 
likely to err on the lower side for this reason. 

From the work of Hinton (1936), and papers quoted therein, it would appear that 
the European species Dryops luridus Evichson is far less obligate-aquatic than the 
Australian genera here discussed. 


SUMMARY. 


1. Larvae and adults of Coxrelmis novemnotata (King) are aquatic, and their oxygen 
requirements are satisfied from oxygen in solution. The larvae do not seem to differ 
from other aquatic insect larvae with closed tracheal systems. 

2. Continuous oxygen intake is carried out in the adult by means of a ventral gas 
film which acts as a gill; average oxygen consumption appears to be of the order of 
7 x 10° cc. §.T.P./hour for each individual, representing 70 ¢c.c. S.T.P./kgm. of living 
tissue/hour. 

3. The hydrofuge hairs of the ventral surface of the adult body prevent the decrease 
in volume of air stores normally inherent in subaquatie respiration in insects. 

4, These hairs are so spaced that the surface tension forces of the menisci between 
them could produce considerably greater lowering of internal pressure than _ is 
theoretically required to maintain the system in the steady state. 
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THE GENUS PELECORHYNCHUS (DIPTERA, TABANOIDBA). 
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1. Introduction. 


A revision of the genus Pelecorhynchus has been contemplated for a long time, but 
has suffered many vicissitudes. It was commenced originally in 1926, in collaboration 
with the late Dr. E. W. Ferguson and Mr. G. H. Hardy, both of whom had to withdraw 
at a fairly early stage, the former owing to ill-health and the latter through pressure 
of other work. Thereafter it has been continued intermittently as opportunity has 
offered and material has accumulated. A fresh stimulus was brought to the work by 
Miss Fuller’s discovery of the early stages, a discovery which was not made by chance, 
but was the result of long and characteristically thorough field investigations. She had 
completed those sections of the paper for which she was primarily responsible, and had 
reviewed the whole of the draft manuscript before her tragically sudden death. The 
final revision of the draft has been undertaken by the remaining author. 

The history of this group of flies commenced in 1848, when Walker described three 
species (personatus. eristaloides and fusconiger, all from Australia) and placed them 
doubttully in the genus Silvius, later (1854) transferring them to Dasybasis. In 1850, 
Macquart erected the genus Pelecorhynchus (sometimes erroneously _ spelt 
Pelecorrhynchus) for P. maculipennis Macq. from Australia, which is now known to be 
identical with Silvius personatus Walker. In the same paper he described a Chilean 
species, vulpes Macq., as a Pangonia. The genus Coenura was proposed in 1857 by Bigot 
for C. longicauda Bigot from Chile, and in 1865 Philippi added four species of Coenura, 


* Originally it was intended to publish this paper in two parts. The first part. pp. 9-38, 
Was read on 24th September, 1941, and the second, pp. 38-76, was read on 25th March, 
1942. 
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also from Chile. Schiner (1868) described Coenura albopunctata from Chile and added 
a synonym to the Australian P. personatus Walk., while Thomson (1868) erected the 
genus Caenopnyga for the same Australian species. Miss Ricardo in 1900 described two 
species of Pelecorhynchus from Chile, and in 1910 revised the genus, described additional 
species from Australia, and indicated the importance of the open anal cell, which she 
had added to the characters of the genus in 1900. Work in this country has been under- 
taken by White (1915), Taylor (1917, 1918, 1919), Ferguson (1921la, 1921b) and Hardy 
(1915, 1916, 1917, 1920, 1922, 19338, 1939, 1940), the last named publishing a revision 
bringing together all taxonomic information up to 1920, while his 1933 and 1939 papers 
have included most of the material which he brought to the collaboration mentioned 
above. Surcouf, in 1921, published a very incomplete revision, but gave a good 
description and figure of the male genitalia of P. biguttatus Phil. (darwini Ric.), which he 
repeated, together with a satisfactory definition of the genus, later in the year. In 
1925, Enderlein raised the group to subfamily rank and included the two genera, 
Pelecorhynchus and Coenura. In the same year, Lindner described an additional species 
of Coenura from Chile. Finally, Kréber (1930) has revised the Chilean species, but 
followed Enderlein in placing them in the genus Coenura, and repeated Enderlein’s 
erroneous characters for separating the two genera. 

Thus, at the present time the group is recognized as a subfamily of the Tabanidae 
containing two genera, Pelecorhynchus, with seventeen species from Australia, and 
Coenura, with seven species from Chile. We now propose to raise the group to Family 
rank, but reduce the name Coenura to synonymy. 

In this paper, we have endeavoured to examine the Family from three points of 
view: morphological, with its phylogenetic and zoogeographical implications; biological; 
and systematic. The general plan followed is that previously adopted by one of us in a 
revision of the Nemestrinidae (Mackerras, 1925), but on this occasion we have been 
fortunate in having an adequate series of the South American species for comparison, 
and doubly fortunate in being able to give a fairly complete account of the early stages. 
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2. MorPpHoLoey. 
A. THE ADULT. 


The species of Pelecorhynchus are large to medium sized flies and are among the 
most ornate of the Tabanoidea, indeed, among the handsomest of all Diptera. Typically 
they are of stout, rather heavy build; but a few species are more slender and parallel- 
sided, and in those a tendency to resemble insects belonging to other orders is apparent. 
The thorax, and sometimes the abdomen, is covered with a velvety tomentum, and there 
are on various parts of the body, zones or tufts of silky hairs, which may be richly 
coloured, while the scutum, abdomen and wings may bear distinctively coloured patterns. 
Sexual dimorphism is usually not marked, the males in general being a little more 
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brightly coloured than the females, but in the fulvuws group the patterns of the abdomen, 
and in one species, of the legs, are totally different in the two sexes, a degree of 
dimorphism that is very rare in the Diptera. 


Text-fig. 1.—Lateral view of P. fusconiger Walk., female. 


Head. 

The head is large, usually as wide as the therax, but sometimes definitely narrower. 
Seen from above, it forms an oval rather than the flattened ellipse of Tabanidae. The 
profile is also distinctive, since the face is strongly globose and the swelling continues 
practically to the mouth border, the clypeus being somewhat depressed (Text-fig. 1). 
The eyes are large, bare, uniformly dark brown, and the facets are subequal throughout 
in both sexes. In most species the eyes of the males are contiguous, but in P. eristaloides 
Walk. and P. igniculus Hardy they are narrowly separated, and in P. fulvus Ric. and 
P. mirabilis Tayl. they are quite widely separated. The eyes of the females are always 
well separated. Three typically placed ocelli are present. 

The antennae (Text-fig. 2) are porrect and subulate. The two basal segments are 
short and cylindrical, and the third is elongate, gently tapering, and composed of eight 
distinct annuli, of which the first is the largest and the last is about twice as long as 


Text-figs. 2-6.—2. Antenna of P. fusconiger Walk. 3. Mouthparts of Atherimorpha vernalis 
White, female. 4. Mouthparts of P. longicaudus Bigot, female. 5. Mouthparts of P. distinctus 
Tayl., female. 6. Mouthparts of Scaptia patula Walk., female. hy., hypopharynx; 1.. labrum: 
md., mandible; ma., maxilla; p., palp. 
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those preceding it. The basal segments are haired, and the apex is surmounted by three 
or four short, fine hairs. 

The proboscis is short. In P. longicaudus Bigot its length is less than half the head 
height, but in the other species it is only slightly less than the head height. It is 
unusually stout, and bears large, hatchet-shaped labella, the form of which has been 
remarked by most writers on the genus. 

The proboscis arises far forward and is directed downward or somewhat backward, 
according to its position when the insect is killed. Though a movable organ, it does 
not appear to be capable of forward projection to any extent, unlike many Tabanidae, 
in which it may be extended in a line almost continuous with the long axis of the body. 
The most striking feature of the mouthparts is the reduction of the mandibles of the 
female. These organs are extremely small in P. longicaudus Bigot (Text-fig. 4), but in 
P. elegans Phil., also from Chile, and in the majority of the Australian species, they are 
of the form shown in Text-fig. 5. Occasionally, as in P. fusconiger Walk., they are slightly 
larger. 

The palpi are very small and are similar in the sexes. The basal segment is minute, 
and the apical segment in the typical form (Text-fig. 5) is short, broadly cylindrical, 
and bears a shallow, wide-mouthed, apical pit. This sensory pit in some species tends 
to incline towards the lateral side and to become very shallow, while the palp itself 
becomes somewhat expanded. A further development is seen in P. flavipennis Ferg., 
the palpi of which have a definitely leaf-like form with a slight lateral conca¥ity, and 
the culmination is reached in P. longicaudus Bigot (Text-fig. 4), which has palpi not 
unlike those of some species of Scaptia. The length of the palpi is usually about one- 
sixth of the proboscis, not one-third as stated by Enderlein. 

On the head, the occipital pubescence is continuous round the sides with the beard 
and with similar hairs on the pronotal lobes, the propleura and the fore coxae. 
These combined areas of pubescence form a very distinct ruff surrounding the lateral 
and ventral aspects of the head and composed of densely arranged, long, silky, fine hairs 
(Text-fig. 1). The colouration of this ruff—white, yellow, crimson, etc.—is a valuable 
specific character. 


Thorax. 


The scutum is broad and rectangular. In most species it is nearly as broad as 
long, but in those of more slender build it is distinctly narrower. The transverse suture 
on each side ends medially at the dorso-central line, the median area being continuous. 
The disc is covered with dense, velvety tomentum, which may be absent from certain 
pale lines and areas. It also bears relatively sparse, short, fine hairs, usually black or 
brown in colour, but sometimes in part red. At the lateral margins, the pubescence is 
generally longer, denser and sometimes more brightly coloured, especially in the Chilean 
P. elegans Phil. In addition, there are two areas of especially dense pubescence—a 
supra-alar tuft and a post-alar tuft. The former consists of a zone of dense, often 
brightly coloured, but not very long hairs, and is prominent in the fusconiger series, 
the elegans series, and the personatus group, but not developed in the other species. The 
latter lies behind the post-alar callus and is always present, though it may not be 


Text-fig. 7.—Generalized plan of scutal adornment. dc.v., dorso-central vitta; m.a., median 
area; m.v., median vitta; sl.a., sublateral area; t.s., transverse suture. 
Text-fig. 8—Wing of P. fusconiger Walk. 
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conspicuous. The scutellum bears marginal hairs, and a very distinctive silky tuft 
projects backwards from its ventral aspect. This, the #infra-scutellar tuft, is 
characteristically coloured in certain species. 

Besides the clothing just described, the scutum and scutellum bear a definite pattern, 
which differs considerably in the different species, but is reducible to a general scheme 
of colouration in the genus. Three areas are to be distinguished, a median and two 
sublateral. The three may be unicolorous, or the median may be coloured differently 
from the sublateral areas. In the middle of the median area, a longitudinal median vitta 
of different colour occurs in some species. Between the median and sublateral areas are 
placed the dorso-central vittae in the position of the row of dorso-central bristles in the 
Muscoidea. Fundamentally, the dorso-central vitta appears to be a dark stripe with a 
pale stripe superimposed, so that the pale stripe is bordered by a narrow dark line on 
each side. Great variations exist in the degree of development of the dark and light 
vittae and their relation to each other, and these variations appear to be constant within 
the species or, in Some cases, subspecies. In P. vulpes Macq. all the lines are suppressed 
and the whole scutum is concolorous. A transverse, somewhat oblique line extends along 
the transverse suture from the dorso-central vittae towards the lateral margin. The 
scutellum may bear a median vitta, which may extend onto the scutum, or the margins 
may be darker than the disc. An imaginary generalized pattern, with all the lines 
developed, is shown in Text-fig. 7. 

The upper part of the mesopleuron, just below and in front of the wing-root, forms 
a prominent convexity, with a rolled posterior margin separating it from the wing-root 
and the mesepimeron. Below, it is separated by a notch and groove from the sterno- 
pleuron, while dorso-anteriorly a further flat portion is also marked off by a groove. 
Anteriorly, a small propectus is recognizable and the pronotal lobes are well developed. 
The pleural pubescence is restricted to certain definite areas (Text-fig. 1). That on the 
pronotal lobes and propleura has already been recognized as taking part in the formation 
of the ruff. The mesopleural prominence is covered with fine hair of considerable 
length, but usually not of great density. Its posterior rolled edge bears a conspicuous, 
often brightly coloured, zone of long, dense, silky hairs. This zone is of considerable 
taxonomic importance, and will be termed the post-mesopleural tuft. There are also tufts 
of silky hairs on the squame, on the hypopleuron postero-ventral to the spiracle, and on 
a membranous fold which is situated ventro-laterally at the base of the abdomen. 


Legs. 

The legs are long and strong. This character, as in the Nemestrinid genus 
Trichophthalma, is probably associated with the flower haunting habits of the species, 
considerable strength being needed to cling to the waving blossoms of flowering shrubs 
even during moderate winds. The fore tibiae are unarmed, but the mid and hind bear 
paired apical spurs. The entire legs may be unicolorous, or the tibiae and tarsi may be 
sharply contrasted with the femora. In P. distinctus Tayl. the legs differ in colour in 
the sexes. 


Wings. 

The venation is shown in Text-fig. 8, Sc, the branches of M and 1A being for clarity 
shown by broken lines, as in a previous paper (Mackerras, 1925). We have adopted the 
interpretation of Tillyard (1919), but doubt whether the cubital area is correctly inter- 
preted. It seems likely that the vein labelled M, should be M,+Cu,, and the distal section 
of Cu, be Cu,z. The vein usually termed m—cu would thus become the basal section of 
Cu,,. The venation is exceedingly primitive in all respects, with the single exception of 
the absence of the rudiment of the basal section of R,. This rudiment, which Alexander 
(1927) has shown to be the relic of a Nematocerous character, appears frequently in 
Tabanidae, but we have never seen it in a specimen of Pelecorhynchus. The open cubital 
cell (commonly known as the anal) and the sinuous vein 1A should especially be noted. 

The wings may be uniformly tinted grey or yellow, or irregularly suffused with grey 
or yellow, or may be uniformly almost black, or again may show definite patterns of 
spots or bands of dark colour, frequently on a yellow ground. Some individual variation 
may be shown in the number of spots, but the general scheme of wing colouration is 
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constant within the species. In P. fulvus Ric. the wings are of a deep reddish-orange 
colour, with darker markings at the apex. 

The squames of all species are extremely small, but show the usual division into 
superior movable and inferior fixed parts. The halteres, which are quite long, are 
usually hidden by the hair tuft which arises from the squame, but they may occasionally 
be conspicuous, as in P. longicaudus Bigot. 


Abdomen. 

The abdomen may be rounded, short conical, or more elongate and parallel-sided. 
The general relations of the segments are shown in Text-figs. 9 and 10 and will be dealt 
with further in the descriptions of the male and female genitalia, but the definite 
development of segment 1 may be especially noted. The abdomen may be bare and 
shiny or more or less completely covered with velvety tomentum. The hairs on the 
tergites are not conspicuous, except at the lateral margins, where they are long, dense 
and sometimes brightly coloured. The hairs at the apical edge of the fourth and fifth 
tergites may be longer and more prominent than on the disc. 


Text-figs. 9 and 10.—Lateral view of abdomen of P. fusconiger Walk., showing relation 
of tergites and sternites. 9. Male. Specimen somewhat flattened. 10. Female. 


In those species in which the abdomen is tomentose, there are three distinct types 
of pattern. In the first type, there are white tomentose spots, developing into fasciae 
on the fourth segment and venter. In this type, which is characteristic of the Chilean 
species, a gradation may be traced from the bare fusconiger type, through the faintly 
marked P. longicaudus Bigot to the conspicuously adorned P. elegans Phil. The male 
ef the Australian P. mirabilis Tayl. also belongs here. By a parallel line of development, 
the fasciate and sometimes vittate abdomen of P. personatus Walk. and its allies has 
been evolved, the pattern here taking the form of dark markings on a dull whitish or 
greyish ground colour. <A third line of evolution is represented by the females of 
P. fulvus Ric. and allied species, in which the abdomen is rich orange in colour and 
adorned with black vittae. These differences in abdominal markings may be used to 
divide the genus into groups of related species. © 


Female Genitalia. 
The correct interpretation of the terminal segments in the Diptera has always been 
difficult. Their relationships are, however, shown with unusual clarity by the females of 
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the more primitive Tabanoidea, and. may therefore be discussed here rather than in 
the next Section. 

In all these forms, the last six segments are greatly reduced in size. Tergites 5, 6, 
and 7 are more or less rectangular in shape, and the sternites form elongate, narrow bars. 
The tergites are relatively lightly chitinized and the inter-segmental membrane is greatly 
developed, the whole of these segments forming a long, tubular ovipositor, which is 
capable of considerable extension, but which in many specimens is almost completely 
withdrawn into the abdomen, only the cerci being clearly visible. There is no evidence 
of twisting. The eighth and ninth tergites are strongly chitinized and _ shield-like 
(Text-fig. 11), and underlying them is a single elongate, shovel-shaped, apically cleft 
sternite (Text-figs. 11-13). This we regard as the eighth sternite on account of its close 
resemblance to the undoubted eighth sternite of Chorista (Mecoptera), although it may 
possibly represent the fused eighth plus ninth sternites. In any case, there is no trace 
of a separate ninth sternite in the female. Immediately dorsal to the eighth sternite 
lies a lightly chitinized, forked structure, which we believe to be the genital fork, an 
endoskeletal element, and lateral to it on each side is a chitinous rod, apparently for the 
attachment of muscles (Text-fig. 13). None of these structures seems to correspond to 
the missing ninth sternite. 
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Text-figures 11-17.—Terminal segments of females. 11. Lateral view of P. rubidus, n. sp. 
12. Dorsal view of P. fusconiger Walk. 13. Highth sternite of P. fusconiger Walk., as 
seen from above in dissected specimen. 14. Lateral view of Atherimorpha vernalis White. 
15. Dorsal view of same. 16. Lateral view of Trichophthalma rufonigra Mack. 17. Dorsal 
view of Scaptia auriflua Don. Cl, C2, Ist and 2nd segments of cercus; S88, S10, sternites 8 and 
10; T8, T9, T10, tergites 8, 9 and 10. 


The arrangement of the tenth segment is best seen in the Rhagionid, Atherimorpha 
vernalis White (Text-figs. 14 and 15). The sternite is dark, rather soft, and triangular 
in shape, while the tergite is a definitely chitinized, strongly arched plate. The form 
of the sternite is very similar throughout the group, the anus being situated, either 
distally, or ventrally between the halves of the more or less divided sternite; but the 
development of the tergite varies considerably in the different families. In 
Trichophthalma (Nemestrinidae: Text-fig. 16) it is even better developed than in 
Atherimorpha, but in the primitive Stratiomyiidae, Chiromyza and Neoexaireta, it is 
relatively narrow, and in Pelecorhynchus it is reduced to a small chitinized patch in 
the membrane on each side (Text-figs. 11 and 12). In the Tabanidae, as in some of the 
more specialized members of other families, the terminal segments are dorso-ventrally 
compressed, and the tenth tergite takes the form of a narrow, transverse bar 
(Text-fig. 17). 
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Distal to the tenth segment, and attached more to the tergite than the sternite, are 
the paired cerci. The basal segment is typically tubular in Neoexaireta, just as in many 
Mecoptera, but in Chiromyza it is tending to become broader, broader still in 
Atherimorpha, and broadest of all in Pelecorhynchus, in which it forms a soft, triangular 
structure hardly recognizable as appendiculate in origin. In Atherimorpha, the primitive 
Stratiomyiidae, Coenomyia, and Pelecorhyncius, there is a second, apical segment 
(usually tubular, but pear-shaped in Pelecorhynchus), whereas the more specialized 
groups have one-segmented cerci. In the Nemestrinidae, for example, they form a long, 
conspicuous organ (Text-fig. 16), heavily chitinized in some genera,* whereas in the 
Tabanidae, they appear as a pair of small, soft, rounded, more or less transversely 
arranged flaps at the end of the abdomen (Text-fig. 17). Their study in other families 
should prove of considerable use in elucidating homologies. 

Enderlein (1925) has described certain creases in the tergites of the ovipositor, and 
has used them for distinguishing the genera of Pelecorhynchinae. Various creases and 
folds may often be seen, but they are due to shrinkage, and are not constant in occurrence 
nor in position when they do occur. The form of the cerci is the most characteristic 
feature of the genus. 


Male genitalia. 

Surcout (1921a@) described and figured the Chilean P. biguttatus Phil. We have used 
for illustration P. distinctus Tayl., a generalized Australian type of which we had 
abundant material, while P. longicaudus Bigot, which is the genotype of Coenura and 
which is closely related to P. biguttatus Phil., is figured in Text-figures 74, 77 and 78. 
The genitalia of Scaptia auriflua Don. (Tabanidae) and Chrysopilus aequalis Walk. 
(Rhagionidae) are also figured for comparison. In the description that follows, the 
terminology used by Surcouf is placed in brackets. 

The genitalia of Pelecorhynchus are more prominent than in related groups. The 
fifth and following segments of the abdomen show a progressive reduction, and the eighth 
tergite consists merely of a narrow transverse bar which broadens laterally (Text-figs. 
9, 18). All these parts are retracted into the abdomen, and are invisible in the living 
insect. The ninth tergite and eighth sternite are large and shield-like, the latter 
corresponding exactly to the same sclerite in the female. Together they form a globular 
swelling, open posteriorly, with the cerci and tips of the clasping organs visible between 
them. The parts enclosed by these two shields consist of the tenth segment and cerci 
dorsally, and the ninth sternite and gonocoxites, between which lies the aedeagus, 
ventrally. 

The ninth tergite (partie basilaire des lamelies externes) is large, rectangular in 
shape when seen from above, heavily chitinized, and strongly arched so as to enclose 
the clasping organs at the sides as well as above (Text-fig. 9). Its lateral margin is 
somewhat sinuous and bears a rounded projection, while its distal margin is more or 
less excavated. The tenth segment is difficult to see, being but lightly chitinized; the 
tergite apparently forms a narrow transverse bar of peculiar shape (Text-fig. 19), while 
the sternite (piéce intermédiare des lamelles externes) is larger, softer, not unlike that 
of the female, and extends distally as a rounded median lobe. The cerci (lamelles 
externes), which were termed “anal lobes” in a previous paper (Mackerras, 1925), are 
one-segmented, membranous, deeply pigmented, and much more prominent than the 
adjacent parts. These are often looked upon as the divided tenth tergite, but a study 
of the female and of such genera as Chrysopilus (Text-fig. 27), in which the relations of 
the structures are clearer, leaves no doubt of their true homologies. Surcouf does not 
mention the tenth tergite at all. 

The ninth sternite is well developed and consists of strongly chitinized proximal and 
distal parts with a more or less transparent zone between (Text-fig. 20); the distal 
chitinized edge may be evenly concave, or it may bulge strongly distally, as in P. fulvus 
Ric. and P. mirabilis Tayl. The gonocoxites (partie basilaire des lamelles internes) are 
large and evenly curved, their lateral edges forming with the proximal edge of the ninth 
sternite an evenly rounded, horseshoe-shaped curve, not three sides of a square as in 
Tabanidae. The dorsal surface of the gonocoxite is deeply incised proximally, gives 


* Referred to in a previous paper (Mackerras, 1925) as the lamellae of the ovipositor. 
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attachment to the aedeagus medially, and is produced further than the ventral surface 
distally, where it overhangs the style in the form of a hood (P. distinctus Tayl.), or of 
a long pointed process (P. fusconiger Walk.), or of a rounded lobe (P. personatus Walk. 
and others). Laterally, between the dorsal and ventral prolongations of its distal end, 
there is a more or less well-marked notch in the gonocoxite. The style (partie apicale 
des lamelles internes), often Known as the dististyle, is well developed and presents 
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Text-figs. 18-23.—Male genitalia of P. distinctus Tayl. 18. Eighth tergite and sternite. 
19. Ninth tergite, tenth segment and cerci. 20. Ninth sternite, clasping organs, and aedeagus, 
dorsal view, 21. Aedeagus, lateral view. 22. Aedeagus, dorsal view. 23. Aedeagus, ventral 
view. 

Text-figs. 24-26.—Male genitalia of Scaptia auriflua Don. (Tabanidae). 24. Ninth tergite, 
tenth sternite, and cerci. 25. Dorsal view of aedeagus and clasping organs. 26. Lateral, sectional 
view of aedeagus. 

Text-figs. 27-28.—Chrysopilus aequalis Walk. 27. Ninth tergite, tenth segment, and cerci. 
28. Aedeagus and clasping organs. aed., aedeagus; c., cercus; d.e., dorsal element; fl., flagellum: 
gc., gonocoxite; l.m.s., lateral muscle strut; m.m.s., medial muscle strut; s., style; ft.o.. trans- 
mitting organ; v.e., ventral element. S8, S9, S10, sternites 8-10; T8, T9, T10, tergites 8-10. 


toy 7 lsmis: m.™s. 
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three lobes for examination, a lateral, which is the longest and most prominent, a 
medial, which is shorter and usually has the form of a rounded salience, and an inter- 
mediate, which is usually the smallest and which lies between and ventral to the other 
two; the intermediate lobe may be partly amalgamated with the medial. The terminology 
here adopted is based on the true morphological position of the style, i.e., in line with the 
gonocoxite; in the mounted specimen, it is always bent in more or less at a right angle 
to the gonocoxite, and the lateral lobe is distal in position, while the medial lobe is 
proximal. 

The aedeagus (capuchon du pénis) consists of distinct dorsal and ventral elements. 
The dorsal element (Text-figs. 21, 22, d.e.) consists of a broad, flat plate, which is attached 
laterally to the gonocoxites, and produced proximally into a stout strut on each side for 
the attachment of muscles, while distally it is continuous with two heavily chitinized, 
pointed processes, which are typically formed into strong upturned hooks as shown in 
Text-fig. 21. Medially, each heavily chitinized hook usually bears a small tooth, proximal 
to which the space between the hooks is often expanded. (cf. P. fusconiger Walk., Text- 
fig. 63). The ventral element is H-shaped (Text-fig. 23), and is articulated to the base 
of the heavily chitinized hooks of the dorsal process; throughout the remainder of its 
extent it is only joined to the dorsal element by membrane. The proximal limbs of the H 
form long processes for the attachment of muscles, similar to those of the dorsal element. 
The membranous part between the limbs is often rather prominent and forms, with the 
proximal limbs of the H, the horseshoe-shaped structure seen by Surcouf, who did not 
make out the distal connections of the ventral element. 

The transmitting organ or penis (partie apicale du pénis) lies between the elements 
of the aedeagus and is directed somewhat ventrally in its distal part. It consists of a 
chitinous tube, which is somewhat expanded proximally, where it gives attachment to 
a large median strut (partie basilaire du pénis) and two smaller but fairly long lateral 
struts (guide du pénis, appareil rétracteur). There is no trace whatever of the flagella 
(appareil extenseur) attached to the base of the penis, which form such a striking feature 
of Tabanidae (Text-fig. 26, 7l.). 

With regard to speciation, the genitalia offer considerable assistance in some cases 
but in others none at all. In the personatus group they are of the greatest value in 
separating many species, and also help in determining their mutual relationships, while 
in the fulvus group the genitalia differ even more than do the three species in body form, 
colouration and markings. Good differences are also found between the series of the 
fusconiger group, including the Chilean species, but within the series the differences 
are frequently slight and unreliable. It is significant that it is in the fusconiger series 
that the discrimination of species on other characters is most difficult. 


B. THE LARVA. 


The eggs are unknown. As all the known larvae are closely similar, that of 
P. fulvus Ric. has been selected for detailed description. Notes on the difference between 
the species will be given later (pp. 69-71). 


General description. 


The full-grown larva is elongate and worm-like (Text-fig. 29), though hard and rigid. 
Its general form is cylindrical, pointed at each end, but more sharply anteriorly. It has 
a strong, glassy sheen, and is hard, slippery, and waxy to the touch. The integument is 
very thick, but the tracheae and other organs are distinguishable through the skin in 
many larvae. There are no striations, projections, or papillae of any kind, the surface 
of the body being perfectly smooth and sleek. The colour varies through shining 
translucent white (the commonest), to cream and pale lemon or apricot shades. 

The resistance of the skin may be judged by the fact that it is difficult to tear or 
macerate even after prolonged boiling in caustic potash. Larvae prepared without 
boiling in potash, but cleared in alcohol and oil for examination of the skin glands 
showed the three layers of the integument to be well defined, the inner being typically 
thin and membranous and staining readily, the middle thick and fairly elastic, and the 
outer cuticle remarkably thick and rigid. Prolonged soaking in osmic acid stained the 
cuticle, but the other layers remained colourless. 
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Text-figs. 29-31.—29. Living larva of P. fulvus Ric. 30. Pupa of P. fusconiger Walk. 
3l. Larva of Chrysopilus aequalis Walk. (Rhagionidae). 


The head (Text-fig. 33) is elongate, narrow, and not capable of much protrusion 
from the first thoracic segment, from which a membranous extension envelops it to the 
base of the mouthparts. Only the anterior extremity carrying the mouthparts appears 
when it is extended (Text-fig. 32), and when withdrawn only the tips of the mandibles 
and maxillae are visible. The first thoracic segment is small, and the second and third 
progressively larger. The eight abdominal segments are longer than wide, the posterior 
ones more so than the first two. The junction between the segments is marked as a 
thin brown line, and the body is very slightly constricted between each segment, but is 
incapable of contracting or telescoping. All the abdominal segments except the last 
are similar. 

The second to the seventh abdominal segments bear laterally a small transverse 
series of from five to eight small flat scale-like structures. They are gland openings, 
circular areas slightly more coloured than the surrounding integument and with a 
minute pore in the centre. They occur just behind the anterior margin of each segment 
and are difficult to discern in the second and third segments, but conspicuous in the 
others. In section it is seen that these glands are squat bottle-shaped with a long neck. 
At the base of the cuticle the duct narrows suddenly and takes a sharp bend, passing 
through it to open on the surface. It is considered that these are probably the ecdysis 
glands, the openings being more than usually noticeable in Pelecorhynchus because of 
the smooth surface and lack of folds or papillae which usually conceal them in other 
larvae. 

On the eighth abdominal segment there are four longitudinal rows of similar dots, 
but these are larger and paler than the gland openings (Text-fig. 69). They are arranged 
on each side in one short row of about eight to ten dots dorso-laterally, and another of 
about five to seven ventro-laterally. They are not connected with any gland, have no 
central pit, and vary in number. They probably represent the dorso-lateral and ventro- 
lateral grooves or lines, which in Tabanidae are represented by rugose areas in this 
region. 

The smallest larva available for examination was 13 mm. long, and the full-grown 
larva measured 50 to 52 mm. The structure of the various instars is the same, but the 
younger larvae are thread-like or wire-like and more transparent in appearance, whereas 
the larger larvae are relatively thick and robust. Some of the younger larvae attain 
almost the length of the full-grown ones, but are distinguished by being much narrower. 
The only difference detectable in the earlier instars is in the spiracles, which are lighter 


20 THE GENUS PELECORHYNCHUS, 


and have only two openings in the anterior pair, and fewer openings around the posterior 
pair. 


Chaetotaxy. 

The thoracic hairs are very minute and colourless, and are hidden in small depres- 
sions, only being detectable with oblique lighting and high magnification. They are so 
extremely minute that they are intangible, having no effect on the general smoothness of 
the larva. There is a pair of depressions ventrally on each thoracic segment, and from 
each of these arise three or four fine hairs, all the same length. As well as these 
ventral hairs, which are present in one form or another in all dipterous larvae but are 
here remarkably reduced, there are other single hairs on the thorax and last abdominal 
segment. On the first thoracic segment there is a ventral row of six just behind the 
head, and two dorso-lateral groups of three or four hairs. Also in a line with the pair 
of ventral groups are two lateral and two dorso-lateral groups with three or four hairs 
in each. On the eighth abdominal segment the arrangement of the small hairs is as 
follows.—There is one hair at the posterior end of the dorso-lateral row of dots, none 
at the ends of the ventro-lateral dots, one laterally between the dorsal and ventral rows, 
and a pair ventrally between the ventro-lateral rows. All these hairs are more or less 
in a circle around the segment. Ventrally there are two more hairs situated posterior 
to the other ventral pair and nearer the mid-line. Just anterior to the spiracular cavern 
are the two dorso-lateral and the two ventro-lateral hairs, and on the lower lip of the 
cavern near its margin are six hairs. 


The Head and Mouthparts. 

The strongly chitinized epicranium (Text-fig. 33) is strengthened by longitudinal 
bands of thicker chitin, and, with the lateralia and ventral plate, it forms a sheath in 
its anterior third around the bases of the mouthparts. Ventrally, the open posterior 
two-thirds is occupied by the tentorial rods, lying close together and running the full 
length of the head, and by the pharynx, running between the rods in the first half and 
above them in the posterior half. The tentorial rods are articulated at the anterior end 
with the mandibles and maxillae, and in the anterior fourth are connected with the 
epicranium, making a narrow channel through which the pharynx passes. At the 
posterior end the rods project past the epicranium and are connected by an arch of 
light, colourless chitin. 

Latero-ventrally in the anterior fourth are the eye-spots lying beneath the lateralia. 
Each is a thick oval mass of reddish-brown pigment. The antennae (Text-fig. 36) are 
large and conspicuous, consisting of an elongate, cylindrical, basal segment, with a smail, 
dome-shaped one at the apex. Dorsally, between their bases and the base of the labrum, 
and attached to the maxilla, is an area of bristles pointing upwards (Text-fig. 33, sp. a.). 
They lie beneath the lateralia in a pocket when the mouthparts are contracted, and when 
protruded they are free to project up and backwards. They correspond in position and 
structure to the spinose area in Tabanidae and Rhagionidae, which Bischoff (1924) 
describes as the cardo of the maxilla. There is a fine spine at the base of the antenna on 
the lower side. Ventrally, between the narrow labium and the edges of the lateralia, is 
a membranous area on each side, bearing three closely associated bristles. 

The epicranium ends anteriorly in a median dorsal rostrum, forming the strong, 
chitinous labrum, which is strongly curved ventrally, the tip being blunt, with a row of 
short, strong teeth on each side, just behind the tip (Text-fig. 38). Although it is broad 
on the dorsal surface, the labrum becomes laterally compressed beneath in the 
epipharyngeal region, where it is extremely hirsute, the epipharynx being a tongue-like 
projection covered with sensillae and hairs. The labium is complex, consisting of the 
hypopharynx which lies close against the epipharynx, and the prementum. The 
hypopharynx has a fine, delicate apex, is membranous, with a comb of very light and 
transparent cilia, and is supported by chitinous rods running from the base. At its 
base there is a heavy chitinous mass connecting it with the floor of the pharynx, and 
there is a strong piece where it forms the floor of the buccal cavity. The salivary duct 
opens at the apex of the hypopharynx and lies beneath the pharynx. It possesses a valve 
or pump-like section, and from here to the external opening the duct is more strongly 
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Text-fig. 32.—Mouthparts of larva of P. rubidus, n. sp. a, antenna; sp. a., spinose area; 
e., epipharynx; 1., labrum; hy., hypopharynx; pr., prementum; md., mandible; mp., maxillary 
palp. ; 

Text-figs. 33-41.—33. Head of larva of P. fulvus Ric., t.r., tentorial rod. 34. Head of larva 
of Chrysopilus aequalis Walk. (Rhagionidae). 35. Head of larva of Tabanus froggatti Ric. 
(Tabanidae). 36. Antenna of larva of P. fulvuws Rie. 37. Antenna of larva of Chrysopilus 
aequalis Walk. 38. Lateral view of labrum and labium of larva of P. fulvus Ric., ph., pharynx; 
s.d., salivary duct. 39. Maxilla of P. fulvws Rie. 40. Mandible of P. fulvus Ric. 41. Mandible 
of Chrysopilus aequalis Walk. 
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chitinized than elsewhere. Beneath the hypopharynx is the prementum, a rather small 
palp-like median structure connected with the base of the hypopharynx (Text-fig. 38). 

The mandibles are slender, sharply pointed and strongly chitinous (Text-fig. 40). 
They lie close against the labrum, taking the same curve, and when the mouthparts are 
retracted are difficult to detect, as they are hidden between the maxilla and labrum. 
They are expanded at the base and connected with the maxilla, working in conjunction 
with them. The maxilla (Text-fig. 39) has a chitinous point, which is shorter, blunter 
and wider than that of the mandible, and lies below and slightly in front of it. Above 
it and slightly anterior, is a small tuft of small strong spines, whilst laterally are the 
palps, short and pointing outward. At the base of the maxilla, lying inside the lateralia, 
is the spinose area or cardo. It comes away connected with the maxilla when this is 
dissected, and remains in a _ position corresponding to the banded segment of 
Stratiomyiidae. The strong, chitinous masses at the bases of the mandible and maxilla 
are connected, and articulate with the tentorial rods. 


The spiracles. 

The larva is amphipneustic, and no trace of the lateral spiracles has been retained. 
The anterior spiracles are very small, and open laterally on the first thoracic segment a 
little before the posterior border. They are light yellowish in colour, and consist of a 
small plate with three oval slits placed close together. A few larvae are found with 
four or even five slits. 


\\ 


Text-figs. 42-47.--Last abdominal segment and spiracles of larvae. 42. Chrysopilus aequalis 
Walk., end view. 43. P. fulvus Ric., end view. 44. Tabanus froggatti Ric., end view. 465. 
Chrysopilus aequalis Walk., lateral view. 46. P. fusconiger Walk., lateral view. 47. Tabanus 
froggatti Ric., lateral view. sp., spiracle. 


At the extreme apex of the last segment there is a transverse slit guarded by a pair 
of lips, which bear a fringe of fine hairs on their inner edges, and which open into a 
shallow fissure or cavern (Text-fig. 43). The upper or dorsal lip is short and the lower 
or ventral more protruding. The lower lip may be dropped down, leaving the spiracles 
well exposed, and when the cavern is stretched wide open, the spiracles appear on a 
vertical face, and the cavern itself becomes merely a shallow depression. When the lower 
lip is brought up, closing the fissure, only a thin, curved slit is visible, and the spiracles 
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then lie on the roof of the cavern and face downwards. The upper lip is slightly notched 
in the centre, giving the appearance of being a pair of fused short, wide papillae. The 
lower lip is entire, and has a groove at its base where it is hinged. Laterally, where 
the lips meet at the corners, there are two small lobes. The spiracles are light brownish 
and lightly chitinized. There is a pair of plates, elliptical oval in shape, sloping away 
from each other towards the base, or pointing outwards at the bottom. Each spiracle 
has a narrow slit running longitudinally through the centre, cutting the plate into two 
sides. These have the typical scalloped margin, being divided into sixteen or seventeen 
little divisions by chitinous bars. Each spiracle has a separate felt chamber joining it 
to the tracheal trunk. At the base of the spiracles, and at the bottom of the cavern is a 
row of six little gland openings.. 


Text-fig. 48.—Pupa of P. fulvus Ric. 


C. THE PUPA. 

The pupa (Text-fig. 48) is large, of typical Tabanoid form, with a comparatively 
short thorax, the wings and legs not extending beyond the first abdominal segment. It 
is slightly curved towards the ventral surface, and has a thick, dark brown, chitinous 
integument, leaving a tough, resistant shell after emergence of the fly. 

The chitin of the head and thorax is very wrinkled and corrugated. The antennal 
sheaths are widest at the base, and are short and broad throughout their length as in 
Tabanidae. They are directed obliquely outwards and downwards. There is an arrange- 
ment of bristles on the head and thorax as follows: a pair on the vertex, a pair behind 
the vertex, a pair on the face, two pairs below the antennae; a series of six smaller 
ones dorsally between the spiracles, two pairs medially on the dorsum of the thorax 
close to the suture line, one at the base of the first leg, and one on the metathorax 
laterally. All the bristles are fine and light brown. On the vertex and at the back of 
the head, the surface is broken into little mounds and swellings. The thoracic spiracle is 
large and raised on a mound. The slit is transversely placed at the apex of the mound, 
and is straight, but hooked at each end. 

The abdominal segments are divided into dorsal, ventral and lateral areas by grooves, 
the lateral areas forming a rounded ridge right down the side of the abdomen. On these 
the spiracles occur, the slit being at the apex of a mound, scroll-shaped with the opening 
anterior. At one-fourth the length of the segment from the posterior edge; each segment 
has a girdle of spines which are clearly seen in the illustrations. The integument in 
front of the spines is wrinkled transversely, whilst that behind them is finely rugose. 
The spines are strong, broad, sharply pointed, and closely set. They vary in size, long 
and short being intermingled without order. Some have two or three subsidiary spinelets 
below their apices. In addition, just anterior to the middle of the segment are four 
blunter, heavy spines dorsally, and two ventrally. The first abdominal segment has no 
spines but there are four minute projections dorsally. 

The eighth abdominal segment is short (Text-fig. 49), and encircling it centrally is a 
girdle of six large spines, bigger than any on the other segments, and bearing a distinct 
superficial resemblance to the aster of Tabanidae. There are two dorsal, two dorso- 
lateral and two ventro-lateral spines projecting outwards and backwards. Some have 
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tiny accessory spines at their bases. Apical in position and directed posteriorly is a 
large ventral swelling bearing the true aster. This consists of a pair of lateral 
projections, which are short and wide and drawn into a papilla at the end, and two 
pairs of flat, scarcely raised knobs, one above and one below the larger projections. 
Anterior to the aster ventrally is the anal knob. 


Text-figs. 49-50.—End view of last segment of pupae. 49. P. fulvus Rie. 50. Chrysopilus 
aequalis Walk. (Rhagionidae). 


The pupa of the male is smaller than that of the female, with a more slender 
abdomen. The end segment is slightly different. The terminal projections are smaller 
and narrower, the anus is larger, and anterior to it is another swelling with a pair of 
blunt papillae. This lies in line with the six points of the girdle, in a ventral position. 
On emergence of the adult, the thorax splits longitudinally down the centre of the back, 
and the whole of the head and face shield falls off. 


3. RELATIONSHIPS AND PHYLOGENY. 


In this Section, two questions have to be discussed: 
1. Is the group homogeneous, and in particular are the South American species 
congeneric with those from Australia? 
2. What is the position of the group in the Tabanoidea? 


A. THE HOMOGENEITY OF THE GROUP. 


The treatment of the morphology in the previous Section was based on a review of 
all the species available to us. It remains here to list those characters which are 
common to the species, to note the exceptions, to discuss in more detail those which 
can be relied on to indicate relationships, and also to discuss the various differences, 
real and alleged, which have been used to separate Coenura from Pelecorhynchus. 

The characters in common are briefly as follows: 

1. Habitus. All, with the exception of a few Australian species, are large, 
robust, ornate flies with a very characteristic appearance. 

2. Form of head, structure of eyes, presence of ocelli, the wide frons of the 
female, protuberant face of both sexes, structure of antennae and form of 
proboscis. In P. longicaudus Bigot, the proboscis is very short, but is similar 
in form to the other species. 

3. Reduction of the mandibles of the female. The reduction is greater in 
P. longicaudus Bigot than in the other species we have examined. 

4. Structure of the palpi. P. flavipennis Ferg. and P. longicaudus Bigot are 
exceptions and a few species have palpi intermediate between the normal 
form and that found in P. flavipennis Ferg. 

5. The conformation of the pleural sclerites. 

6. The arrangements of the tufts of pubescence. Special mention may be made 
of the infrascutellar tuft, the post-mesopleural tuft and the hypopleural tuft. 

7. The venation of the wing and the vestigial squames. 

8. The presence of spurs on the mid and hind tibiae. 

9. The form of the terminal segments of the female, particularly the cerci. 
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10. The structure of the male genitalia. There are many differences in detail, 
but all are built on the same basic plan. Even the recurved hooks of the 
aedeagus characteristic of the Chilean species also oecur in the Australian 
P. rubidus, nov. 

11. The structure of the early stages. The known larvae and pupae are all 
extremely similar, differing only in minor points of colouration and 
configuration of the last abdominal segment. 

Some of these characters, such as the subulate antennae, the small squames, and the 
venation of the wing, are indications of a primitive condition, and are found individually 
though not collectively in other genera of the Tabanoidea; others, like the reduction of 
the mandibles, are adaptive and are consequently to be treated with caution; but there 
are still others, notably the structure of the male and female genitalia, which definitely 
indicate genetic relationship. It is inconceivable that a type possessing all these 
characters could have evolved twice over—the group is clearly monophyletic and closely 
knit. 

The facts recorded above may be regarded as the positive evidence of homogeneity. 
We must now consider the differences real and apparent which have been recorded. 
When one examines the species, it is found that they fall naturally into three congeries 
of related species, described in the systematic revision below (p. 43), as the 
personatus group, the fulvus group, and the fusconiger group. The last includes several 
Australian and all the Chilean species, and may be further subdivided into several 
subgroups or series. It is to be emphasized that these groups and series are based 
chiefly on colouration and markings of the adults, and that there is no significant 
structural difference between them. Moreover, there is no significant difference between 
the known larvae and pupae of the three groups. That this arrangement of the species 
into groups and series is a natural one is very clear when one has the specimens before 
one. We hope that the descriptions and figures in the systematic revision will prove 
adequate to give the reader who has not the material a sufficiently clear idea of their 
relationships. 

Before dealing with the work of Bigot (1857) and Enderlein (1925), it is desirable 
to discuss P. longicaudus Bigot, which is the type of the genus Coenura. This species is 
similar in basic pattern and especially in male genitalia to the other Chilean species, 
with the exception of P. vulpes Macq., and forms with them a natural subgroup. It is, 
however, peculiar in the following respects: 

1. The ruff and pleural hairs, though normal in position, are less dense than 
in most species, though not less than in some Australian species, such as 
P. tillyardi Tayl. and P. fascipennis, nov. 

2. The proboscis, though of normal form, is decidedly shorter than in any of the 
other species. 

3. The mandibles are more reduced than in any other species we have examined. 

4. The form of the palpi is unusual, and is only closely approached by the 
Australian P. flavipennis Ferg. 

None of these characters is, in our opinion, reliable for generic separation. More- 
over, if used for this purpose, they would only serve to separate P. longicaudus Bigot 
from the other Chilean species, and place it by itself, or with certain of the Australian 
species to which it is not so closely related. The structure of the palpi is a case 
particularly in point. If this is used, P. flavipennis Ferg. would have to be placed in 
Coenura and one would be faced with the difficulty of classifying those species which 
possess palpi intermediate between this and the typical form. Incidentally, attention may 
be called to the great differences in the form of the palpi described by Ferguson (1926) 
in the genus Scaptia, which is very homogeneous in nearly every other respect. Such a 
subdivision would be typical of an artificial as opposed to a natural classification. 

So far as the characters used by other authors are concerned, Bigot did not compare 
Coenura with Pelecorhynchus, but stated that the antennae were composed of eleven 
segments and that the proboscis was hidden in repose. Neither of these statements is 
correct, and the other characters mentioned by him, with the exception of the palpi, are 
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common to all the species of Pelecorhynchus. Enderlein distinguished the two genera 


as follows: 
1. Endglied des Palpus fadenférmig. Augen des ¢ in 2 scharflinig geschiedene Teile 
geschieden, der obere mit grossen, der unten mit kleinen Ommatidien (australisch) 
sie the Silat lou nem ega tenet halieye nls verano. 's cate cate aetemtepe alte [eu fe o.oo MRS Reese Lesa Se ee ee eee Pelecorhynchus 


— Endglied des Palpus diskusf6rmig. Augen des @ normal (chilenisch) ........ Coenura 

The structure of the palpi has been dealt with above and the alleged differences in the 
eyes, as Ferguson (1926) has pointed out, do not exist, the facets being subequal 
throughout in the males of all species. The other characters listed by Enderlein in his 
definitions, including the form of the ovipositor, are equally unsatisfactory. 

It has thus been shown that the genus Coenura Bigot cannot stand as at present 
constituted. Can the group be divided logically into genera or subgenera in other ways? 
In our opinion it cannot. In making genera, two considerations should be clearly before 
one—firstly, that the genera proposed should give a clear indication of the relationships 
of the species, and secondly, that, so far as is compatible with the first consideration, 
the genera should be of a convenient size. The multiplication of genera, often on trivial 
grounds, has gone on to such an extent that the student of phylogeny, and particularly 
of zoogeography, cannot marshal his evidence, unless he is a specialist on the groups 
with which he is dealing. The group here under consideration is a compact assemblage 
of a convenient number of closely related species. As a‘single genus it is a unit 
intelligible to the general zoologist and we therefore treat it as a unit. 

As far as subgeneric subdivision is concerned, the three groups within the genus 
might be given subgeneric status, in which case the name Pelecorhynchus would be 
confined in a subgeneric sense to the personatus group, and Coenura would be applicable 
to the fusconiger group, the fulvus group requiring a new name. Subgenera are useful 
when the genus is a large one, as for example in the genus Aédes of the Culicidae, but 
the nomenclature is cumbersome, and there should be good morphological grounds for 
introducing them. In the genus Pelecorhynchus these grounds are not in our opinion 
adequate, the groups, though natural, being based simply on colouration and markings. 
The mutual relationships of the species are sufficiently indicated by the use of “groups” 
and ‘‘series” and there appears to be no reason for the introduction of additional names. 


B. POSITION IN THE TABANOIDEA. 

The Brachycera Homoiodactyla have been subdivided in various ways by different 

authors. Thus, Tillyard (1926) treats the whole group as a single superfamily, the 

Tabanoidea, whereas most others recognize three or four superfamilies. A typical and 

fairly conservative example is that set out in tabular form by Malloch (1917), of which 
the relevant portion is: 


STRATIOMYIOIDEA. TABANOIDEA. 
Stratiomyiidae Tabanidae 
Xylophagidae Leptidae 
Coenomyiidae CYRTOIDEA. 
Acanthomeridae Cyrtidae 

Nemestrinidae 


The Bombyliidae, although lacking pulvilliform empodia, have also been included 
here (e.g., by Séguy, 1926). 

For the purposes of this discussion, the Cyrtidae and Bombyliidae may be excluded, 
as showing no close affinity with Pelecorhynchus in significant structural characters 
either of the adults or of the early stages. The Nemestrinidae do show Tabanoid 
affinities in the structure of the evipositor and in some other respects, but they diverged 
from the main stem so widely, and presumably so early, that they also may be excluded. 
We are left with three main families, Stratiomyiidae, Rhagionidae (= Leptidae), and 
Tabanidae, together with a group of smaller families of somewhat debatable position. 
Generally these have been placed between the Rhagionidae and Stratiomyiidae, and with .- 
this we agree, being quite unable to follow Brues and Melander (1932) in placing the 
Xylophagidae (s.s.) and Coenomyiidae with the Rhagionid-Tabanid complex, or Thorpe 
(1934) in assigning a similar position to the Pantophthalmidae. 
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In spite of divergence in form and detail, which justify recognition even of the 
smaller annectant families, the whole group (Stratiomyoidea + Tabanoidea of Malloch) 
forms a continuous, unbroken series clearly separated from other Brachycera, and we 
propose to treat it as a single superfamily, the Tabanoidea, within which three main 
lines of evolution are represented (p. 31). The Rhagionidae may be taken as central. 
On the one side lies the Stratiomyiidae, linked with the Rhagionidae through the 
Chiromyzinae, Xylomyiidae, Coenomyiidae, and Xylophagidae (s.s.). On the other side 
lies the Tabanidae. In the past, the genus Pelecorhynchus has always been recognized 
as a Tabanid, although Enderlein (1925) appreciated its primitive position, and placed 
it (with Coenura) as a separate subfamily at the base of the Tabanid stem. With this 
general picture in mind, we may re-examine the position of Pelecorhynchus in the light 
of the morphological evidence set out in the previous Section. 


The Adult. 

In size, general habitus, ornamentation, and many external characters, the species 
of Pelecorhynchus resemble Tabanidae, and stand widely apart from all other families of 
the group. Nobody seeing them alive, or examining them in a store-box, would take 
them for anything but Tabanidae, and it is not surprising that earlier authors placed 
them as they did. The form of the head, however, is more generalized than in most 
Tabanidae, but, apart from its pubescence, it gives no indications of particular relation- 
ships. Similarly, the antennae, with their subulate, S8-annulate third segment, are simply 
primitive, the same type occurring in Xylomyiidae, Coenomyiidae, Xylophagidae, and 
some Tabanidae. They do, however, set Pelecorhynchus apart even from primitive 
Stratiomyiidae and from true Rhagionidae, all of which have a more specialized antennal 
plan, with reduction in the number of annulations. 

The proboscis, the unusual form of which was noted by Macquart as long ago as 
1850, is intermediate in development between the strong, relatively rigid type of the 
blood-sucking Tabanidae and the short, thick, soft, retractile type of other families. A 
gradation is seen within the genus itself, some Australian species, such as P. fusconiger 
Walk. (Text-fig. 1) approaching the Tabanidae, whereas the Chilean P. longicaudus Bigot 
is quite similar to normal Rhagionidae. 

The other mouthparts show the same interesting gradation. Well-developed 
mandibles occur only in the females of Tabanidae and of the blood-sucking Rhagionid 
genus, Spaniopsis. All other Tabanoidea known to us lack them, or at most have 
vestigial spikes. Nevertheless, they must have been present in the ancestral Tabanoids, 
for it is inconceivable that such organs should re-develop when once they had been 
lost. Pelecorhynchus shows the stages in their reduction. Scaptia patula Walk. 
(Text-fig. 6) may be taken as representing the fully-developed condition seen in 
Tabanidae, and this species is of particular interest, as it is not a blood-sucker but 
exclusively a flower feeder like Pelecorhynchus. The female of P. distinctus Tayl. 
(Text-fig. 5) represents an early stage in reduction, for, while the mandibles are still 
fairly long, they are definitely more tenuous than in SVS. patula Walk., and a more 
advanced stage is shown by P. longicaudus Bigot (Text-fig. 4), which has the mandibles 
reduced to relatively short spikes. Similar, but shorter and less constant mandibular 
spikes have been noted in Nemestrinidae (Mackerras, 1925). P. longicaudus Bigot leads 
naturally to the Rhagionidae (Text-fig. 3), in which the mandibles have completely 
disappeared and the maxillae are showing indications of reduction. The final stage in 
reduction is seen in some Stratiomyiidae, such as Chiromyza, which have an extremely 
short, broad, soft proboscis, with large labellae, no trace of mandibles, maxillae which 
are little more than strong chaetae, and the labrum and hypopharynx reduced to 
triangular lobes. 

The form of the palpi is Tabanid rather than Rhagionid, most of the Australian 
species having the palpi of both sexes similar to those of the males of Scaptia and 
Palimmecomyia. It is curious that P. longicaudus Bigot, which approaches Rhagionidae 
in other respects, has the most Tabanid-like palpi in the genus. 

There is little of note in the thorax or its appendages. The marked development 
of dense, silky pubescence would associate Pelecorhynchus with the Pangoniinae rather 
than the Rhagionidae, but Nemestrinidae and many Bombyliidae are just as hairy, and 


28 THE GENUS PELECORHYNCHUS, 


it is doubtful if the character has any phylogenetic significance. The tibial armature 
may also suggest Pangoniine affinities. The wing venation is neither Rhagionid nor 
Tabanid, but rather that of the annectant families leading to the Stratiomyiidae. It is, 
in fact, a basic type, from which any of the others could have developed, but perhaps 
showing a hint of Tabanid relationships in the relatively short cell M, On the other 
hand, the almost complete absence of squames distinguishes Pelecorhynchus sharply 
from the true Tabanidae, and allies it with the other more primitive groups, or with 
the Rhagionidae. 

The form of the abdomen is intermediate between the primitive, conical type of the 
Chiromyzinae, Coenomyiidae, and some Rhagionidae, and the dorso-ventrally compressed 
Tabanid type, with its sharp distinction between the bulky first four segments and 
telescoped remainder. In form it tends to resemble the latter, but its extensibility links 
it with the former. The ovipositor of the female is, however, much more primitive than 
that of any Tabanid, the possession of two-segmented cerci being shared, in the groups 
we have examined, only by Pelecorhynchus, Rhagionidae, Coenomyiidae, and 
Chiromyzinae (see Text-figs. 11-17). Another highly significant character of the female 
is the shovel-shaped eighth sternite, with its cleft distal end, which, from its resemblance 
to the corresponding sternite of Chorista, we believe to represent the most primitive 
condition found in the Diptera. Finally, the genitalia of the male, especially the trilobed 
style and the complex aedeagus, are quite unlike the Stratiomyiid, Rhagionid, or Tabanid 
types. They probably represent a more primitive condition, which has persisted in this 
group, and which effectively prevents us from associating it definitely with any of 
the existing families. 

In short, the adult Pelecorhynchus shows affinities with both Tabanidae and 
Rhagionidae, shares many primitive features with Coenomyiidae and its allies, and 
possesses characters of its own which set it apart from all the families. 


The Larva. 


The larvae of Pelecorhynchus are far removed from the Stratiomyiid type. They 
differ from the Stratiomyiidae (as represented, for example, by the primitive Chiromyzine 
genus Boreoides) and from Xylomyiidae not only in the elongate, cylindrical body form, 
and absence of bristles and calcareous plates, but also in having a retractile head, 
differentiated mandibles and maxillae, and no pharyngeal pump. The only point of 
resemblance lies in the similar general structure of the hypopharynx and prementum. 
The respiratory systems of Pelecorhynchus and Stratiomyiid larvae are also widely 
different, the latter being peripneustic and with the posterior spiracles lying in an 
internal air chamber. These distinctions hold true both for terrestrial and aquatic 
Stratiomyiidae. The larvae of Pantophthalmidae are thickened and Stratiomyiid-like, 
with external characters resembling those of Xylophagidae, but, from Thorpe’s (1934) 
description and figures, they appear to be more closely related on mouthparts to the 
true Stratiomyiidae. They certainly bear no relation to Pelecorhynchus. 

The remaining annectant families, Coenomyiidae and Xylophagidae, have larvae 
bearing bristles, pseudopods, terminal processes, and chitinous plates, none of these 
structures being represented in Pelecorhynchus. Moreover, the head is non-retractile. 
On certain structures of the mouthparts, however, they are closer to Rhagionidae and 
Pelecorhynchus than are the Stratiomyiidae and Xylomyiidae. The hypopharynx and 
prementum are of the same general type for all these families, but the structure and 
relationships to one another, of the mandibles and maxillae are similar in Coenomyia 
and Xylophagus to Pelecorhynchus and Chrysopilus (see Bischoff, 1924, fig. 13). On 
the other hand, the posterior spiracles in Coenomyiidae and Xylophagidae lie exposed 
on the dorsal surface anterior to the chitinous plate, differing greatly from those of 
Pelecorhynchus. 

Pelecorhynchus has many features in common with Chrysopilus and Rhagio in the 
family Rhagionidae. The general form of the body is somewhat similar, being elongate, 
slender, smooth, cylindrical, and white, as distinct from the Stratiomyiid type (cf. 
Text-figs. 29 and 31). The heads are of similar structure, are equally retractile, and 
the mouthparts show a striking similarity (Text-figs. 33-41). 
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Pelecorhynchus and Chrysopilus aequalis Walk. have the same kind of mouth opening 
and buccal cavity, the labrum and labium are of the same form and relation to each 
other, a prementum of the same type is present in both, and the mandibles and 
maxillae are of the same structure and bear similar relations to each other, even the 
spinose area at the base, or ‘“‘cardo”, being the same. In Rhagio lineola Fabr. and other 
species described by Bischoff, the mouthparts are similar to those of Chrysopilus. 

Other features which these genera have in common are found in the respiratory 
apparatus and the structure of the last abdominal segment. The anterior spiracles are 
external, visible, and of the same form. The posterior spiracles are in a fissure or 
cavern at the posterior extremity of the body, the upper lip or roof of which bears 
the two stigmatic plates (Text-figs. 45, 46). These are of the same shape, structure, 
and relative position in each. Both upper and lower lips of the spiracular cavern have 
two lobes in Chrysopilus (Text-fig. 42), whilst in Pelecorhynchus an indication of lobing 
is seen in the upper lip only (Text-fig. 43), but Ptiolina (Lundbeck, 1907, p. 155) appears 
to have a spiracular cavern with similar lips to Pelecorhynchus. The placing of the 
spiracles in a horizontal fissure at the extreme end of the body is a feature 
Pelecorhynchus shares with all Rhagionidae, with the exception of the aquatic Atheriz, 
which has gills. The position and structure of the anus on the eighth abdominal 
segment are the same. 

Pelecorhynchus has no well-marked relationships with the Tabanidae, differing from 
all known Tabanids in being rigid and incapable of contraction, and in the absence of 
pseudopods, striations, and rugose plates. Also the mouthparts of Tabanus are highly 
specialized and have no oral aperture, the food being taken in through the mandibular 
pore. Tabanids, moreover, lack the prementum of Pelecorhynchus, and possess a large, 
complex salivary pump. The general structure of the mandibles and mavxillae is, 
however, similar to that of Pelecorhynchus and Rhagionidae. Graber’s organ, which 
is so characteristic of Tabanidae, is entirely absent in Pelecorhynchus, and the position 
and structure of the anus are quite different. The respiratory system in the two groups 
is decidedly different, the anterior spiracles being non-functional in Tabanidae, and the 
posterior spiracles united in a single vertical fissure, which is situated at the end of a 
more or less elongate siphon (Text-figs. 44, 47). 

Thus, on its larval characters alone, Pelecorhynchus would be classified without 
hesitation as a Rhagionid, and the question of its relationship with the Tabanidae or 
the Stratiomyioid families would hardly arise. 


The Pupa. 


As the Stratiomyiidae have no free pupa, they can hardly be included in this 
discussion. Even the primitive Chiromyzine, Boreoides, remains within the puparium 
until emergence, but dissection just before this occurs, shows the nymph to be typically 
Stratiomyiid. Xylomyia has a delicate pupal skin, which is left projecting from the 
puparium after emergence of the fly; but its structure is similar to the Boreoides nymph, 
and its bears no resemblance to the Pelecorhynchus pupa. From the descriptions avail- 
able, it is assumed that the Pantophthalmidae also have no free pupa, but this point is 
uncertain. All the remaining families have pupae of a similar general type. Those 
of Xylophagidae and  Coenomyiidae, however, are easily distinguished from 
Pelecorhynchus, in that the antennae are elevated and project laterally on top of the 
head, the abdominal girdles consist of long bristles, with smaller spines between, and 
the armature of the last segment is different. The pupa of Coenomyia is about the same 
size as that of Pelecorhynchus, whilst that of Xylophagus is only about half as big. 

While the pupae of Rhagionidae can always, and those of Tabanidae usually, be 
distinguished from Pelecorhynchus by size alone, there are many interesting structural 
resemblances and differences between the three groups. 

The form of the antennal sheaths shows differences corresponding to the differences 
in the antennae of the adults, but the differences in their disposition are more 
illuminating. In the Rhagionidae they point almost directly downwards, in 
Pelecorhynchus they point obliquely laterally and downwards, whilst in Tabanidae, 
including Scaptia, they are directed laterally. 
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Tabanidae possess a peculiar and characteristic feature, which is not shown either 
by Pelecorhynchus or Rhagionidae, namely, the small medial pore, opening into a deep 
aperture connected with the thoracic spiracle. The form of the spiracle is similar in 
Pelecorhynchus and Rhagionidae, the slit being straight with hooked ends; but, whereas 
it runs transversely in Pelecorhynchus, it is directed diagonally in Chrysopilus aequalis 
Walk. and other Rhagionidae. In typical Tabanidae the slit is curved and ear-shaped, 
and runs longitudinally. The more primitive Scaptia auriflua Don., however, is inter- 
mediate, in that the slit, though still ear-shaped, is shorter than usual and inclines 
more in the direction of Chrysopilus (Fuller, 1936). The spiracles lie flat on the surface 
in most Tabanidae, but are slightly raised in Scaptia, more so in Pelecorhynchus, and 
even more elevated in Rhagionidae. 

The girdle of spines on each of the first seven abdominal segments is unmodified in 
the three groups, but Pelecorhynchus possesses additional spines, which take the form 
of two dorsal pairs and sometimes a ventral pair anterior to the girdle. These have 
net been found in Tabanidae nor in most Rhagionidae, although Lundbeck (1907) 
mentions a dorsal pair as a generic character of Rhagio. 

The armature of the last abdominal segment shows interesting homologies. 
Chrysopilus aequalis Walk. may be taken as representing the most primitive condition 
(Text-fig. 50). In this species there is a girdle of spines similar to the girdle on the 
other abdominal segments. At the apex of the abdomen posterior to the girdle, is a pair 
of strong lateral processes, which are homologous with the lateral arms of the aster 
in the Tabanidae. Other species of Chrysopilus have the primitive bilobed aster, but 
show considerable modifications in the girdle. Thus, C. ornatus Say., described and 
figured by Malloch (1917), has the girdle reduced to six large spines which much 
resemble a Tabanid aster, while C. quadratus Say., besides possessing the six large 
aster-like spines, has smaller ones between them, representing the remainder of the 
girdle. On the other hand, the primitive Tabanid, Scaptia auriflua Don., has an 
unmodified girdle, but shows a very interesting development of the aster in the appear- 
ance of a pair of minute lobes above and below the large lateral arms (Fuller, 1936, 
fig. 11). These undoubtedly represent the dorsal and ventral arms of the typical aster 
of Tabanidae. 

Again Pelecorhynchus is intermediate. The girdle resembles that of Chrysopilus 
ornatus Say. in having six large aster-like spines, and the resemblance goes even further, 
for some species have the small accessory spines of C. quadratus Say., while others 
have not. The aster resembles that of Scaptia, with the rudimentary dorsal and ventral 
arms better developed in some species than in others. 

Of the remaining groups, Coenomyiidae and Xylophagidae have the primitive bilobed 
aster of the Rhagionidae, but show a different specialization of the girdle, which is 
modified to form four fan-like groups of spines. Typical Tabanidae, on the other hand, 
have a fully-developed aster, and they also show a special modification of the girdle, 
which is represented by two or four groups of spines, termed the dorso-lateral and 
lateral combs, and a row of ventral spines, which in females is divided into two series 
by a median gap, the six groups of spines in this sex corresponding with the aster-like 
arms of Pelecorhynchus. 

The pupa, then, like the adult, is intermediate between the Rhagionidae and the 
more primitive Tabanidae, but unlike the adult, it does not show so many points of 
resemblance to Coenomyia and its allies. 


Discussion. 

A study of such a primitive type as Pelecorhynchus would be incomplete without 
some attempt to reconstruct the evolutionary history of the larger group to which it 
belongs. In the first place, we feel justified in regarding the Tabanoidea (including the 
Stratiomyioidea of Malloch) as monophyletic. There are too many points of similarity 
between the more primitive members of all the included families to permit of any other 
conclusion, in spite of the wide divergence of the more specialized Tabanidae and 
Stratiomyiidae. The common ancestral type, from which they all developed, was 
probably not far removed from the existing Coenomyiidae and Pelecorhynchidae, and 
may be visualized somewhat as follows: 
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The adult was a medium-sized insect, with a moderately large head, ocelli, ten- 
segmented, subulate antennae, and a short, stout proboscis. The female possessed 
fully-developed, stylet-like mandibles, but the male had already lost these organs. 
The maxillary palpi were filiform. The venation was similar to that of 
Pelecorhynchus, except that the basal section of R, was at least indicated and may 
have been complete (cf. Alexander, 1927).* Cell R, was longer, and vein 1A may 
not have been so sinuous. Squames were not or very slightly developed. The legs 
were armed with spurs on all tibiae, and the empodia were pulvilliform. 
Pubescence on the head and body was only slightly developed, and there were no 
macrochaetae nor scutellar spines. The abdomen of the female was broad at the 
base, and tapered fairly evenly, much as in Chorista, that of the male probably being 
narrower and straighter, while the terminal segments of both sexes were visible 
in repose. The eighth sternite was shovel-shaped in both sexes, the tenth tergite 
was well developed in the female, the cerci were two-segmented in the female, one- 
segmented in the male, and the aedeagus of the male was a membranous. tube 
strengthened by chitinous struts. There was no basal appendage to the gonocoxite 
such as occurs in Nemestrinidae. 

The larva may have been somewhat like that of Chrysopilus in general form, 
but with a non-retractile head, and possessing well-developed chaetae and possibly 
tubercles. The head capsule was incomplete, tentorial rods were developed, and eye- 
spots were present. The maxillae and mandibles were separate, but beginning ito 
show a tendency to work in conjunction. The larva was peripneustic, with the 
posterior spiracles enlarged and probably sunk in a chamber; they had separate 
stigmatic plates, each in its own felt-chamber. 

The pupa was a pupa libera, again probably not unlike that of the Rhagionidae. 
It had large, well-raised thoracic spiracles; girdles of spines, increasing in size 
from before backwards, on the abdominal segments; and the eighth segment bearing 
a simple girdle, and a single pair of terminal processes representing the aster. 
From this ancestral type there arose on the one hand forms with a characteristically 

somewhat humped thorax, a tendency to develop scutellar spines, reduction and 
simplification in the parts of the male hypopygium, and a larva with well-developed 
tegumentary appendages. These gave rise to the Xylophagidae and the Coenomyiidae, 
both of which, and especially the latter, show definite affinities with the Stratiomyiidae 
rather than the Rhagionidae. Further development along the same line led to the 
elimination of the free pupa, increased specialization in the integument and mouth- 
parts of the larva (but retention of the non-retractile head), and a marked concentration 
and reduction of the. venation of the adult. The mandibles of the female had already 
disappeared, and many forms showed additional indications of atrophy of the mouth- 
parts. The Xylomyiidae and Chiromyzinae represent early branches from this line, 
which culminated in the more typical Stratiomyiidae, with the Pantophthalmidae as an 
offshoot near the top, so near that we are rather at a loss to know why it has been 
given separate family status. 

The three remaining families all have larvae with a more or less retractile head, 
and share many other characters in common. They are much more closely linked to 
each other than any of them is to the Stratiomyiid line of development. From the 
“middle” stem the Rhagionidae developed. They show little indication of specialization 
in the adults, other than reduction in size, in mouthparts, in venation, and in complexity 
of the male genitalia. The larvae, however, as Bischoff (1924) has pointed out, range 
from the most simple to the most complex, in response to the diverse environments 
' they occupy. The Pelecorhynchidae are easy to place, close to the base, nearer the 
Rhagionid than the Tabanid stem, and at about the same level of specialization as 
the Coenomyiidae, which adequately expresses the similarities between these two 
families. Finally, there is the Tabanid stem, distinguished by the characters of its 
larvae (p. 29), the presence of a pore connected with the thoracic spiracle of the 
pupa, specialization of the pupal aster, retention of functional mandibles in the female, 


*The Asilid genus Promachus is the only one we know of in the Brachycera which still 
has the basal section of R, complete. 
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reduction of the female cerci to a single segment, and the presence of well-developed 

flagella in the male genitalia, which, however, also occur, though less characteristically, 

in some Rhagionidae. The more primitive Pangoniinae, such as Scaptia and its allies, 

evolved only to a level comparable with the Rhagionidae, but many Tabaninae show 

quite as much specialization, both in the larvae and the adults, as do the Stratiomyiidae. 
An attempt to represent these relationships graphically is given in Text-fig. 51. 


STRATIOMYIIDAE 
PANTOPHTHALMIDAE 
TA BANIDAE 


XYLOMYIIDAE 
X YLOPHAGIDAE 
RHAGION/DAE 
PELECORHY NCHIDAE 
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Chiromyzinae 


COENOMYIIDAE 


ANCESTRAL TABANOID 


Text-fig. 51.—Diagrammatic representation of the evolution of the Tabanoidea. 


4. BrioLoey. 
A. HABITS OF THE ADULTS. 


Although the species of Pelecorhynchus have been described in various papers as 
blood-suckers, actually they are exclusively flower feeders. They occur in the vicinity of 
swamps, soakages, or creek banks in open, sunlit situations, usually in high, mountainous 
or tableland country, and species of the genus Leptospermum are practically the only 
flowers visited in Australia. L. flavescens Sm. is usually the favourite, although other 
species are often attractive in particular localities, for example, L. lanigerum Sm. in the 
Kiandra district. Occasionally specimens are taken feeding on the flowers of Epacrids 
or other low shrubs. P. rubidus, nov. may be quoted as an example of selective 
feeding. Numerous specimens of this species were taken at Blackheath, feeding on a 
small, white Leptospermum close to a swamp, none on Epacrids in the swamp, and only 
one on a large and apparently attractive area of L. flavescens Sm. less than a mile away. 

When feeding, the fly comes completely to rest and remains some time, definitely 
longer than do Bombyliids or Nemestrinids, which just touch each flower and keep 
their wings vibrating rapidly. P. distinctus Tayl., members of the fusconiger series, and 
those species of the personatus group which have been taken on flowers, move about 
fairly rapidly, crawling from flower to flower of a cluster and sucking a little nectar 
from each, before flying off to seek another. P. fulvus Ric. and P. mirabilis Tayl. are 
much more sluggish, and often lie hidden for considerable periods in or beneath the 
flower clusters, so that quite a number may be present on a bush without being detected. 
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It is really remarkable that such large, richly coloured insects can be so inconspicuous. 
The greatest contrast with the usual habits is, however, seen in P. tillyardi Tayl. and 
P. niger, nov. These species have never been seen in flight, but bury themselves deeply 
in the flowers, and crawl about very slowly, looking, in fact, much more like long-bodied 
black beetles than flies. 

Males are taken in company with the females on the flowers, or hovering in their 
vicinity. Occasional specimens have been found resting on shrubs or rocks away from 
the flowers. The males of P. fusconiger Walk. frequently hover in open, sunny spaces 
same distance from the flowers. When hovering, the males of some species, for example, 
P. rubidus, nov., remain motionless in the air, returning to the same spot after 
being disturbed, just as do the species of Trichophthalma. They are consequently not 
difficult to capture. The males of P. fusconiger Walk., on the other hand, never remain 
still, but swing sideways to and fro in the air all the time. When on the wing, the 
species of Pelecorhynchus emit a loud, deep-toned hum, which is quite characteristic, 
and reminiscent of Tabanidae rather than the shrill, high-pitched note of Nemestrinidae. 

Copulation is horizontal, the pairing individuals facing in opposite directions. Pairs 
in copula have been seen hovering, and also resting on the flowers. 

While the habits of some species of the personatus group are similar to those 
described above, the Tasmanian species behave very differently, according to Mr. G. H. 
Hardy, to whom we are indebted for the following notes: ‘‘They have only been found 
in quantities over large areas of swamp. Most of the specimens have been taken resting 
on the ground, usually in the marsh, over which the males hover waiting for the 
females to rise; in flight they are swift, and they copulate on the wing. Prior to 
copulation, a female, with usually more than one male around her, soars to a great 
height, and the few pairs that have been taken in copula were captured away from the 
marsh at rest on shrubs. During the middle of the day they are so active that their 
capture is usually impossible, and they are best collected early in the morning or in 
the evening, when they are sluggish.” 

Mild temperatures and a high rainfall appear to be the main factors governing the 
appearance of the adults in any numbers. In localities where they are known to occur, 
they may be abundant one year, but scanty or absent in another, a dry spring apparently 
being unfavourable for emergence. Even when abundant, they are only active on bright 
sunny days, and very slight variations in weather seem to affect them. Thus, at 
Blackheath, P. rubidus, nov. was found in quantity one day, and the next, which 
was warmer and more windy, but few were seen until well on in the afternoon, although 
the best collecting time at flowers is usually from 11 a.m. to 3 p.m. On days, such as 
were met with at Barrington Teps, in which there were spells of bright sunshine 
alternating with showers of rain, they would take some time to appear after a shower, 
but would then come round in numbers and feed very eagerly, only to disappear 
immediately the sun went behind a cloud. 

Very little has been written of the habits of the Chilean species, but, so far as 
they are known, they appear to be similar to those of their Australian relatives. We 
quote the following extracts: ‘On the forest road between Santo Domingo and Futa 
these beautiful flies (P. biguttatus Phil.) hovered two or three feet over the ground for 
a long time without settling; if I approached they darted away like an arrow and then 
came back again to the same spot.” (Philippi, 1865.) “We obtained numerous specimens 
of each sex of this species (P. elegans Phil.) in early morning (7-9 a.m.) at flowers of 
a Saxifragaceous tree (Escallonia pulverulenta), in company with Osca lata and O. rufa.” 
(Footnote by F. W. Edwards in Krober, 1930.) 

Definite mimicry of other insects is rare in the Tabanoidea, though not unknown. 
Such precise mimicry of a particular model does not occur in the genus Pelecorhynchus, 
but certain species do show a striking general resemblance to wasps or beetles, and these 
may be justly regarded as group mimics. Nicholson (1927) comments on two of them 
in the following terms: “‘The colouration ... in a few cases approximates very closely 
to that of certain psammocharids, as in P. deuqueti Hardy (PI. ii, fig. 16) and the 
undescribed species I have figured (PI. ii, fig. 22).* On flowers these insects may 


* P. fascipennis, nov. 
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easily be mistaken for wasps, though no special mimetic habits have been observed.” 
P. distinctus Tayl. may also be classified as a general wasp mimic, but the other two 
species of the fulvus group behave differently, and tend to resemble beetles rather than 
wasps. Indeed, P. fulvus Ric. might well be included in Nicholson’s “Metriorhynchus 
complex’, although the colouration and habits are not quite typical. On the other 
hand, as mentioned above, P. tillyardi Tayl. and P. niger, nov. show a really remark- 
able resemblance to beetles both in behaviour and appearance. It is an interesting 
point that in most species, including the wasp mimics, the wing tips are well separated 
and the costal margins diverge at an angle of about 30°, but in P. fulvus Ric. the tips 
are brought much closer together, and in P. tillyardi Tayl. and P. niger, nov. they are 
closely approximated, the costal margins being parallel like elytra. 

We have been unable to observe oviposition, either in the field or in the laboratory, 
nor have we succeeded in discovering the eggs. From the structure of the ovipositor 
and the situation in which the larvae occur, we suspect that the eggs are buried in 
moist soil or mud, either singly or in small groups. This suggestion is supported by 
the following notes: ‘“Females found ovipositing in the perpetually damp mud of the 
track in People’s Park” (Hardy, 1933, on P. eristaloides). ‘Mr. R. J. Tillyard took a 
specimen of this species depositing eggs in mud” (Hardy, 1917, on P. albolineatus). 


B. LIFE-HISTORY. 
Pelecorhynchus fulvus Ric. 
Habitat. 

The larvae of Pelecorhynchus were first found on the 14th October, 1934, at a small 
mountain plain, known as Blundell’s, at the foot of Mt. Coree, A.C.T. A creek running 
along this valley widens into a small swamp, and in this region the larvae occurred. 
They were within one to three inches of the surface, in fairly firm mud closely bound 
with a mat of grass roots below a short turf. The main roots were white and glistening, 
and the larvae closely resembled them, often being difficult to detect. When only partly 
exposed by digging, they rapidly glided out of sight, but when turned out on the surface 
they were clumsy and squirmed helplessly until the head and thorax had burrowed into 
the ground. 

On the 11th August, 1935, the swamp at Blundell’s was under water and the creeks 
running high as a result of snow and rain during the winter, so a small area on the 
bank of the main creek opposite to the swamp was examined. The area was from one 
to four feet from the water, and consisted of saturated black mud with no vegetation. 
It yielded six larvae, lying from one to two inches below the surface, and ranging from 
small to half grown. The original spot, where the full-grown larvae were found the 
previous year, was inaccessible. Two weeks later, when the water had subsided, the 
original grassy area in the swamp was searched. Four larvae, none of which was full 
grown, were found, and two others were found in the muddy spot on the other bank. 

On the 27th October, these two situations were dug over again, and a new place 
further down stream, where the larvae of Scaptia auriflua Don. occur, was searched. All 
were very moist, and yielded a total of ten larvae. A fourth site was then examined. 
This was on the lower, more swampy bank of the creek. It was a narrow bank between 
the creek and one of the swamps, being slightly elevated above the general level and 
only six inches to one foot from the edge of the swamp. Here, in an area of 4 ft. by 2 ft., 
sixty larvae and eighteen pupae of P. fulvus Ric. were found. The largest larvae 
measured over 50 mm. and were very close to the surface, while on digging to deeper 
levels the larvae became progressively smaller, the smallest (less than 25 mm.) being 
4 to 6 inches below the grass. The bank sloped slightly upwards away from the swamp 
to drier soil, and here the pupae were common. In the soil of the same area were 
Tipulids, Stratiomyiids, Tabanids, and earth-worms. 

The same bank was searched again on the 24th November, when forty-two larvae and 
two parasitized pupae were collected. On the 19th January, 1936, a further search was 
made, and larvae were still present, but not so abundant. 

Several additional localities have been investigated. One was a creek with swampy 
banks, at the foot of Mt. Tidbinbilla in the same range as Mt. Coree. This area was 
examined in September, 1935, and numerous larvae were found in the same type of 
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situation as at Blundell’s. They were present in the soil from the water’s edge to well 
up the bank under the grass, and were of various sizes from very small to full grown. 
Three pupae were also found in the roots of a large tussock close to the water. As before, 
the larvae were associated with numerous earth-worms and Tipulid larvae. 

A second locality was on a mountain range near Michelago, N.S.W., a small, sloping 
swamp on the shoulder of Mt. Tinderry (4,600 ft.), being examined on the 8th September, 
1935. Several larvae and one pupa were found. They were close to a pool, in wet, 
muddy soil covered by dense, long grass with water seeping through it. Earth-worms 
and Tipulid larvae were also abundant here. The same swamp was again searched a 
month later, but, although Tipulid, Stratiomyiid, and other dipterous larvae were 
common, no larvae of Pelecorhynchus could be found. 

A third locality was at Mittagong, N.S.W., where a few larvae were dug out of the 
sloping bank of a creek in September and October, 1936. The type of country was 
different from that in which Pelecorhynchus larvae had been obtained previously. 
The creek drained sandstone country, and the soil in which the larvae were living 
contained a fair amount of sand, unlike the soft muddy soil at Blundell’s and Mt. 
Tinderry. It was covered with grass, was moderately damp, and the larvae were 
amongst the grass roots. Larvae have also been collected near the laboratory, at Black 
Mountain, A.C.T. Only two have been found, one in August and the other in September, 
1935. Both were large, and they were dug from a swampy area produced by the outflow 
from a septic tank. A careful search was continued throughout the area for many weeks, 
but no more could be discovered. The Mittagong and Black Mountain larvae were not 
bred through, but they were structurally identical with those of P. fulvus Ric., and the 
adults have been taken in both localities. 


Behaviour. 

The larva is rigid, and incapable of contraction like the softer-bodied Tabanids. The 
Tabanids shrink within themselves when handled, but Pelecorhynchus larvae writhe 
sideways, exerting considerable muscular force, and, being slippery and waxy to the 
touch, soon squirm through the fingers unless gripped very tightly. They move quickly 
through the mud, with a snake-like, sinuous glide, and also use the mouthparts in 
progressing forward. They cannot progress on smooth surfaces, or in water, but curl 
repeatedly into a circle on the same spot. 

They were always found in association with earth-worms, but in many instances 
the larvae of Tipulids, Tabanids, and other Diptera were also present. It was 
assumed that the most likely food would be worms, and these were provided for the 
Pelecorhynchus larvae kept in the laboratory. The worms disappeared, and occasionally 
remains of them were seen in the jars, but only once was feeding observed, a large 
P. fulvus larva having its head buried in the side of a worm. Many larvae taken in 
the field were much scarred, the scars showing as dark brown patches and streaks on 
the shining whitish body. It is possible that they had been attacked by their fellows, 
but, as various Tabanid larvae sometimes occurred in the same habitat, they might have 
been attacked by them. The integument is so tough and slippery that it must be almost 
impossible for any other dipterous larva to make much impression on it. 


Life-cycle. 

Laboratory observations have so far given little information of value. It proved 
difficult to maintain suitable conditions for the larvae, and as a result many died, while 
others entered on more or less prolonged periods of inactivity; very few increased in 
size. Nevertheless, in some respects they appear to be very resistant to adverse 
conditions, as even young larvae are capable of remaining dormant for a long time. 
Starvation for many months will not kill them, provided they are kept reasonably moist, 
while, in the field, they survive burial under snow and subsequent flooding with icy water. 
On the other hand, desiccation caused rapid death, particularly of the smaller larvae. 
The prepupal period was unduly long in the larvae kept in the laboratory, pupation not 
occurring until mid-winter, despite the equable climate maintained. 

The pupae are more delicate than the larvae, being affected both by too much 
moisture, which renders them waterlogged and liable to fungal infections, and by too 
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intense drying, which prevents emergence of the fly. As would be expected from the 
field situations in which they occur, they are less sensitive to drying than to saturation. 
Pupae have also been found infested with an undetermined hymenopterous parasite, 
and in the laboratory they were often damaged by the remaining larvae. Neither of 
these hazards would, however, appear to be of much importance in nature. The exact 
duration of the pupal period was not determined, but apparently recently-formed pupae 
collected in the field gave rise to flies after 30 to 56 days in the constant temperature 
room at 23°C. Only one of the larvae that pupated in the laboratory survived to produce 
a fly; this occurred 42 days after the pupa was found in the breeding jar and transferred 
to the constant temperature room. 

The identification of the larvae was based on this specimen, on the identity of pupae 
formed in the laboratory with field specimens that gave rise to flies, and on the occur- 
rence of the adults in the localities where the early stages were collected. 

The adults that emerged were transferred to cages, and every effort was made to 
keep them alive and induce them to oviposit, but none lived more than seven days. 

The number of instars is not known, but, in view of the rigidity of the skin and 
the length of the life-cycle, it is probably large. The prepupal skin when cast is 
resistant and easily found in the soil, but no skins of earlier instars have yet been 
found in the breeding jars. 

Field observations have given much more information about the life-cycle than the 
laboratory studies. No eggs or newly hatched larvae have been seen, even in summer, 
and the smallest larva found, 13 mm. long, was collected in spring. Early in spring 
(August-September) no full-grown larvae could be discovered, those collected ranging 
from small to half and three-quarters grown, but in October and November full-grown 
larvae and pupae were abundant. Undamaged specimens, collected late in October in 
one situation at Blundell’s, were measured, with the following results: 


Marval sw eSsethiam eS Ola ete ee eee na aes ere 8 
SOTO ONT wi anteater teeteaeeee aunts eran 22 
AOMEOY D2 mana ers | Nepean) eng eee eee omen 

PUPALe nese les : : 18 


As indicated earlier, the larvae of different sizes occupied different depths in the 
soil, with the very small ones deep down, where the moisture content is great, and the 
largest, which are ready to pupate, very close to the surface. In summer, when the 
adults have emerged, only pupal shells and parasitized pupae have beeen found, along 
with immature larvae; no full-grown larvae have been dug in summer or autumn. 

These observations suggest that the full life-cycle is three years. The larvae less 
than 20 mm. long in spring are presumably those that were deposited as eggs the 
previous December and January, when the adults were on the wing. They probably 
grow rapidly in summer and autumn, and hibernate when the swamps and creek banks 
are under snow and water. Those between 20 and 40 mm. are no doubt the larvae which 
have hibernated twice, and the largest, taken in October and November, are the three-year 
old larvae, which are about to pupate. The appearance of these large forms immediately 
the weather warms up indicates that the final growth stage is fairly rapid. As pupae 
are found late in October and adults appear on the wing early in December, the pupal 
stage in the field probably lasts about six to eight weeks. The large larvae kept in 
the laboratory frequently remain dormant for many months to a year before pupating. 
This is doubtless due to the artificial conditions, but if it occurs in the field, as it well 
might during a drought, then the life-cycle could sometimes be extended for four years. 


Other Species Studied. 
P. nigripennis Ric. 

The larvae were first collected at Alpine Creek, near Kiandra, N.S.W. The creek 
widens into small swamps amongst hilly country, and there are numerous swampy areas 
draining the surrounding slopes. Three species were found, but P. nigripennis Ric. 
occurred only in the wettest situations, having the nearest approach to an aquatic 
environment of any of the species so far discovered. It was dug out of the wettest 
mud in the centre of the swamps, and was also sieved from weedy, algal-covered pools. 
About forty specimens were collected in all. A few larvae of this species have also 
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been tound at Blundell’s, but not elsewhere. Two were collected in November, 1935, in 
wet mud at the edge of the swamp, close to the bank containing so many P. fulvus Ric., 
but in a decidedly wetter habitat. In the following January, three more were found 
under unusual circumstances. They were in a pool several inches deep in the middle 
of the large swamp, partly buried in the fur underneath a dead wallaby. Pupae have 
not been found in the field. 

The larvae are distinguishable on sight, being slenderer, more pointed, and more 
translucent than the others. They are also more active, swimming freely in the water, 
lashing their bodies vigorously when handled, striking at each other, and attempting 
again and again to pierce the skin of the person handling them. 

The larvae collected at Alpine Creek in November were kept in breeding jars at 
room temperature in the laboratory. Pupation occurred from the 2nd December to the 
6th January, and emergence from the 21st to the 23rd January. The pupal period for 
specimens that actually emerged was 21 to 35 days, the shortest recorded for any of the 
species. 


Pelecorhynechus rubidus, n. Sp. 

The larvae were found only at Alpine Creek, where they were confined to a 
particular situation, and were not as abundant as the other species, which were more 
widespread in the area. The majority were full grown, but a few were between 40 and 
50 mm. in length. They occurred just under the short turf on a small flat which was 
distinctly above the general level of the swampy areas. In this circumscribed situation 
they were fairly numerous, twenty-six being taken, and they were associated with 
Scarab larvae and earth-worms, but no other species of Pelecorhynchus occurred there. 
While the soil could not be described as dry, it was certainly the least moist environment 
in which Pelecorhynchus larvae have been discovered. No pupae were found. 

These larvae were very sluggish, lying inertly on the overturned soil and grass, and 
struggling very little when handled. Some were set aside for breeding in the labora- 
tory, but they refused to feed on the earth-worms provided, and did not thrive. Pupation 
was very irregular, one larva pupating on the 19th November, a week after it had been 
collected, another in mid-March, and two more in October after lying dormant all the 
winter. Pupation was observed in one specimen, the only occasion it has been seen 
in the genus. A larva emerged on the surface of the soil, and the abdominal girdle of 
spines on the pupa became visible through the larval skin. It lay inert, with the 
thoracic region swollen and wrinkly, and the following day the pupa had formed and 
the larval skin was shed. The pupal period for the single adult that emerged was 
35 days. 


P. fusconiger Walk. 

Larvae have only been found at Alpine Creek, where, like the adults, they are very 
common. In November, when they were collected, only two-thirds to full-grown larvae 
and a few pupae could be found. They were much more widespread through the area 
than P. nigripennis Ric. and P. rubidus, nov. occurring under short grass, in the 
roots of large grass tussocks, in mud or merely moist soil, near or far from water. In 
habitat, behaviour, and appearance they are closely similar to P. fulvus Ric., and cannot 
be distinguished from that species in the field, but it is a curious fact that neither larvae 
nor adults of P. fulvus Ric. have ever been taken at Alpine Creek. In the laboratory, 
pupation was delayed, as in other species, and the pupal period was about 30 to 40 days. 


Unidentified Larvae. 

In January, 1937, a search was made on the banks of the upper Tuross River, near 
Countegany, N.S.W. The small swamps and the type of soil were typical of sub-alpine 
country. In the soil covered with dense grass on the edge of one of these swamps, 
several larvae were found in company with Scaptia and other Tabanid larvae. They 
bore a resemblance to both P. fulvus Ric. and P. fusconiger Walk., being rather closer 
to the latter, although they were smaller and had a slightly broader terminal segment. 

In April, 1937, two solitary larvae were found under separate pads of cow dung 
lying in a small, sloping patch of bog running down to the upper McDonald River, near 
Nimmitabel, N.S.W. The. situation was unusual, and reminiscent of finding 
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P. nigripennis Ric. under a dead wallaby. However, this was a different species from 
any previously collected. In the manure were Calliphorid and Muscid larvae, and earth- 
worms were abundant beneath. 


Discussion. 

The larval habitat of these primitive types is of special interest. In Pelecorhynchus 
the larvae have been found associated with swamps and creeks in alpine and sub-alpine 
country. They occur in the mud or soil, usually beneath a grass cover. The pupae are 
always in slightly higher or drier ground, sometimes in the crowns of large grass 
tussocks. There is a gradation in the different species from a nearly aquatic to a 
nearly terrestrial habitat. Of related groups, the Tabanid, Scaptia auriflua Don., occupies 
a similar environment to P. fulvus Ric., although they have only been taken together 
once, and the larvae of the Rhagionid, Chrysopilus aequalis Walk., also occur in similar 
situations. The early stages of the primitive Stratiomyiids, Boreoides and Metoponia, 
are found in somewhat drier, more sandy soil further from the water edge, their habitat 
overlapping the pupal habitat of Pelecorhynchus. Thus all these primitive Tabanoids 
occupy a generally similar environment, and in each of the families specialization has 
occurred in both directions, some species becoming terrestrial and others aquatic. There 
is reason, therefore, to suggest that the larval environment of Pelecorhynchus may be 
the ancestral environment of the Tabanoidea. It would follow that the various 
adaptations to special environments that occur in the Tabanoidea should all be considered 
as having evolved from a type which originally lived in that semi-aquatic environment. 


5. DISTRIBUTION. 
A. LOCAL DISTRIBUTION. 


The area in Australia occupied by the genus Pelecorhynchus is very limited, and 
at the same time very typical of that of the ‘Antarctic’ element in general. It is 
restricted to the main highland massif of Tasmania and to the eastern highlands of 
Victoria and New South Wales, together with certain small but important extensions to 
adjacent low-lying areas. 

The Tasmanian fauna is the most isolated, and is very distinct from that of the 
mainland; it may therefore be considered first. Here the personatus group has its 
highest development, seven species having been recorded, of which six are endemic. 
These species are largely concentrated in the north-westerly part of the main central 
plateau, six being Known from Cradle Mt. and its vicinity, while the seventh, P. olivei 
Hardy, which has so far only been taken at Strahan, will almost certainly be found 
there also. The southern end of the plateau would appear to be unfavourable for 
Pelecorhynchus, for only one species, P. montanus Hardy, has been collected at Mt. 
Wellington, while P. eristaloides Walk. occurs on the coast nearby. As would be 
expected, however, the chief coastal extension is to Zeehan and Strahan, four species 
being known from these localities; unlike that of the mainland, it takes place in the 
middle of summer. 

On the other hand, the remaining groups are only represented in Tasmania by a 
solitary species, P. fusconiger Walk., which is restricted to a small area on the north 
coast, and is probably a casual invader from the mainland. 

On the mainland, all the species of the fusconiger and fulvus groups are found, 
while the personatus group is fairly well represented, though not to the extent that it is 
in Tasmania. We have made some attempt to correlate the distribution of the species 
with the physiography of the Main Divide; the evidence is unfortunately scanty, but 
the problem is an interesting one, and it may be useful to make available what informa- 
tion we possess. The part of the Main Divide under consideration consists of four large, 
elevated blocks, separated by areas of less elevated country (Text-fig. 52). In the north, 
the New England—Dorrigo-Barrington Tops area is divided by the Cassilis Gap from 
the Blue Mountains massif, this in turn being separated from the Kosciusko plateau 
by the Lake George Gate. The Kosciusko area extends into Victoria, and is only 
separated from the Hotham massif in that State by the narrow Omeo geocol. To the 
east of the Kosciusko massif lies a smaller block which, however, does not concern us 
at present, as only outlying species occur there. All these areas rise more than 4,000 feet 
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Text-fig. 52.—Map of south-eastern Australia, showing the distribution of the main high- 
land blocks and intervening gaps. The 3,000 and 5,000 ft. contour lines are shown.* 


above sea level, the general level for the occurrence of Pelecorhynchus being between 
3,000 and 5,000 feet. 

It is doubtful whether any of the gaps forms a complete barrier, and it is certain 
that a number of the more adaptable species can cross them with ease, but it does seem 
probable that some species, which are more limited in seasonal occurrence, and possibly 
in choice of food plants or breeding grounds, have been relatively isolated on the different 
highland blocks. Moreover, the species of Pelecorhynchus are restricted to certain 
limited habitats, which can be easily recognized with experience, so that the actual 
degree of isolation is frequently much greater than is suggested by the contour lines. 
Thus there has been ample opportunity for the development of new and nascent species 
within relatively recent times, with results which are particularly apparent in the 
fusconiger group. 


* We are indebted to the Geography Department, University of Sydney, for permission to 
publish this map. 
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Each of the three groups is represented in all the areas, but only three species 
extend throughout the entire range from the Dorrigo to Victoria. These are 
P. nigripennis Ric. (which, incidentally, is the only mainland species established in 
the highlands of Tasmania), P. fulvus Ric. and P. fusconiger Walk. In addition, 
P. claripennis Ric. extends from Victoria to the Blue Mts., and P. personatus Walk. has 
a long coastal range, but the remaining species are distinctly more local in their 
distribution. Thus, P. nebulosus, nov., and P. nero, nov., two near allies of 
P. claripennis Ric., occur respectively in the Blue Mts. and at Barrington Tops, and the 
species of the tillyardi series have much the same distribution, while those of the 
fascipennis series are more southern, reaching their greatest development in the 
Kosciusko area, with one species extending south into Victoria, a second north to the 
Blue Mts., and a third (P. taeniatus, nov.) represented by a near ally in the Blue Mts. 

The efficiency of the gaps in the Divide as barriers to the dispersal of the species 
has, in general, decreased from north to south, due no doubt partly to their physio- 
graphical differences, but perhaps more to the changing climate and vegetation of the 
less elevated country in them. In addition, however, each of the two main gaps appears 
to have acted in a different way in relation to different species. For example, the 
Cassilis Gap isolates a series of very distinctive species to the north, but has proved 
no barrier to the typical form of P. fusconiger Walk., which is equally prevalent on 
either side of it. This species is divided by the Lake George Gate into its northern 
typical subspecies, and southern alpine subspecies and var. rufibasis, nov. The same line 
separates P. taeniatus, nov. from P. fascipennis, nov., but has had no detectable effect on 
P. claripennis Ric. or P. deuqueti Hardy, near relatives respectively of P. fusconiger Walk. 
and P. taeniatus, nov. The salient features of each of the highland areas may be 
summarized in the following terms: 

New England massif.—Ten species in all; two, P. distinctus Tayl. and P. tillyardi 
Tayl., very distinctive; one, P. kippsi, nov., whose nearest relative is in 
Tasmania; another, P. simplissimus, nov., related to a Kosciusko species; 
P. interruptus, nov. and P. nero, nov. with relatives in the Blue Mts.; and four 
species, including the rare P. niger, nov., which also occur elsewhere. 

Blue Mts. massif.—EHleven species; three only are endemic, one, P. linealis, nov., 
being related to the Barrington Tops P. interruptus, nov., another, 
P. fascipennis, nov., to a southern species, and the third, P. nebulosus, nov., ; 
both to the northern P. nero, nov. and the southern P. claripennis Ric.; of the 
other eight, two are widespread, two range to the north, three to the south, and - 
one, P. personatus Walk., does not occur elsewhere in the high country, but has 
a wide coastal distribution to the north. 

Kosciusko massif—Nine species and a variety, all either identical with or related 
to, species which occur further north; only two are endemic, and there is no 
special Tasmanian relationship in this area, such as is shown by P. kippsi, nov. 
in the New England massif. 

Hotham massif—Five species only have been recorded, all of which occur also on 
the Kosciusko massif; there is a doubtful record of a sixth (P. personatus 
Walk.); they are known from the higher part of the area, but also extend 
down to lower levels, where the Divide falls away towards Melbourne, this 
lowland extension occurring much later in the season than is the case further 
north. 

The coastal distribution of the genus on the mainland may be divided into three 
parts, namely, Stradbroke I., Queensland, with extensions on the adjacent coast into 
New South Wales, the Sydney district, including the Hawkesbury sandstone heath 
country to the south, and Ulladulla on the South Coast (Text-fig. 52). The first is 
widely separated both from the other coastal areas and from the highland blocks defined 
above; it forms an isolated pocket, which, for some unexplained reason, is particularly 
rich in “Antarctic” Diptera. Three species of Pelecorhynchus occur there, P. personatus 
Walk., a distinctive subspecies of P. fusconiger Walk. and the remarkable P. mirabilis 
Tayl., which is found nowhere else in Australia. Six species are known from the vicinity 
of Sydney; all occur in the adjacent mountains, and all except P. personatus Walk. are 
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rare on the coast. They simply represent local extensions from the high country, as 
does the occurrence of P. fusconiger var. rufibasis, nov. at Ulladulla. 


B. SEASONAL DISTRIBUTION. 


Species of Pelecorhynchus are on the wing in midsummer in all the highland country, 
from the Dorrigo to Tasmania, but naturally tend to appear later in the season with 
increase either of altitude or latitude. On the coast, they are active in early spring 
(September) at Stradbroke I., distinctly later (October) at Sydney, and well into the 
summer in Tasmania. It is the usual thing to find “‘Antarctic”’ species on the coast of 
New South Wales in spring, and it has been pointed out previously that very similar 
conditions are found on the coast in spring to those occurring in the mountains in 
summer, namely, a mild climate, moisture, and an abundance of flowering plants, 
including species of Leptospermum. There is a good deal of evidence to suggest that 
the main factor governing the distribution of these ‘‘Antarctic” insects is a climatic 
one, competition with the Oriental element being of little or no importance. 

In any area, the seasonal occurrence of certain species is apparently very limited. 
Thus, at Wentworth Falls on the 14th December three species were taken, and on the 
21st December five species, three of which were not taken on the 14th, while one species 
taken on the 14th was not represented on the 21st. At Blackheath, eleven miles further 
on and about 600 feet higher, six species have been taken, four of which are not repre- 
sented in the Wentworth Falls collection. There is little doubt that all will be found 
to occur at both localities when collected at the proper times. Similarly at Woodford 
P. personatus Walk. and P. fusconiger Walk. were taken in November, while at the end 
of January, P. lineatus, nov., was the only species seen. A corresponding seasonal 
succession has also been noted at Alpine Creek, near Kiandra, and is no doubt related 
to the differences which have been observed in the length of the last larval and pupal 
stages. In any event, the duration of adult life would rarely appear to be long. 


C. GENERAL ZOOGEOGRAPHY.* 


The genus Pelecorhynchus is only known from South America (Chile) and from 
Tasmania and south-eastern Australia. Its zoogeography, therefore, is simply that of 
the “Antarctic” element in the Australian fauna, an element which has frequently been 
discussed by Australian zoologists in the past, perhaps most notably by Harrison (1926), 
who found in the Wegener hypothesis of continental drift an adequate explanation of 
all the biological facts he could muster. In considering any explanation, however, 
certain facts about this element must be taken into account, and, as they are particularly 
well exemplified by Pelecorhynchus, they may be reviewed briefly here. 

The first point is that the true relationships between the species from the two 
regions must be definitely established. This point was stressed by one of us (Mackervras, 
1925) in an earlier paper on the Nemestrinidae, and was elucidated for that group by 
Edwards (1930), who showed clearly the close relationship between the South American 
and Australian species of Trichophthalma and its subgenera.7 

In the present paper, we have demonstrated that an equaily close relationship 
exists between the species of Pelecorhynchus, and the same could doubtless be said of 
other genera, which have not as yet been examined in so much detail. In neither of 
these groups, then, is there the remotest possibility of a chance resemblance due to 
convergence; we are definitely faced with a genuine and intimate genetic relationship. 

The second point, which is particularly well illustrated by Pelecorhynchus, is that 
this genus has no very close relationship with groups from other regions. The subgenus 
Ochlerotatus (Culicidae) is Holarctic as well as southern in its distribution, while 
Trichophthalma, or even Scaptia, may have developed from northern forms, although 
they have radiated widely since; but Pelecorhynchus arose separately from the original 


* The substance of this part was read before Section D, at a meeting of the Australian and 
New Zealand Association for the Advancement of Science held at Canberra in January, 1939. 

7 Through the kindness of Senor Carlos Stuardo O, we have been able to examine some 
Chilean species of Trichophthalma, and can confirm Edwards’ findings from a study of the male 
and female genitalia. 
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Tabanoid stem, and, if it ever did have any Holarctic representatives, they have left no 
trace. 

Thirdly, the local and seasonal distribution of Pelecorhynchus in Australia may be 
taken as typifying that of the “Antarctic” element in general. It is perhaps necessary 
to emphasize that this element is not merely a percentage of the total fauna of the 
country; it has a particular geographical and seasonal distribution of its own, which 
is so characteristic that the relationships of an animal may often be deduced simply from 
its iocal distribution. We do not wish to imply that the boundaries between the faunal 
elements are clear-cut and precise—there are, for example, Oriental species which occur 
on the mountain tops, and “Antarctic” species which have extended well into 
Queensland—but the parts of the country in which they dominate are perfectly well 
defined. That of the “Antarctic” element is the main eastern range from Tasmania to 
northern New South Wales, with a separate, isolated pocket (which, however, does not 
include Pelecorhynchus) in the south-western corner of Western Australia, another 
smaller pocket on Stradbroke I., and a fairly general coastal infiltration in the south- 
east from the adjacent mountains. In all these low-lying areas, the ‘Antarctic’ species 
are on the wing only in spring. 

It follows from the distribution defined above that these insects are adapted to live 
in a moist, temperate climate, and most of them are also associated with an abundant 
vegetation of flowering plants; indeed, many are restricted practically to the same 
limited environment as Pelecorhynchus. This genus seems to be quite incapable of 
resisting either high temperatures or even moderate aridity, and the same characteristic 
is shared to a greater or lesser degree by almost all the dipterous members of this 
faunal element. 

In short, we have to explain the occurrence in Australia and South America of 
nearly related insects, which show no indication of origin from Old World forms (or at 
the least have undergone a marked development and radiation in the southern regions), 
which have a definitely limited distribution in southern Australia, and which are 
basically adapted to live in a temperate climate. 

It is very difficult to reconcile these facts with any theory of radial dispersal from 
the Asiatic land mass. Too many assumptions are involved. We must assume that all 
these groups are in a state of retarded evolution, in order to account for the close 
similarity between the species at the ends of two long and widely separated radii of 
dispersal; we must assume that the representatives of many of the groups have 
disappeared completely from the northern centres, even from those which have a favour- 
able climate, and that all of them have disappeared from the high, temperate areas in 
the long chain leading down from Asia to Australia, as well as from the northern part 
of Australia itself; and we must assume, too, either that the climatic changes from 
north to south in the past have been quite different from those which have been 
postulated by palaeogeographers on other grounds, or that the climatic adaptations 
of the insects have changed radically. These are but the more obvious of the 
assumptions which must be made, and collectively they seem to us to present insuperable 
difficulties to acceptance of a northern origin for this faunal element. 

On the other hand, acceptance of a southern origin fits the biological facts perfectly. 
Moreover, there is evidence that the climate of Antarctica was formerly mild enough for 
the country to support an abundant vegetation, and presumably therefore an abundant 
insect fauna. According to Griffith Taylor (1919), climatic changes have taken place 
in major and minor cycles, which he describes as follows: “The minor cycles are super- 
imposed on the major cycles in such a fashion that, after long ages of fairly uniform 
climate throughout the world, there appears a zonal arrangement of climates. This 
culminates at the four great ice epochs, that is in late Proterozoic, Devonian, Permian 
and late Tertiary times.” It would thus seem that Antarctica had a suitable climate 
for the development of Pelecorhynchus and other southern groups early in the Tertiary, 
which would accord reasonably well with what little is known of the evolution of the 
Diptera Brachycera. 

We may perhaps be justified, then, in suggesting that these groups, Pelecorhynchus, 
Trichophthalma, Scaptia, and a number of others, developed not in Australia nor in 
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South America but in this large Antarctic land mass, whence they radiated out to the 
adjacent countries, probably assisted and impelled in their migrations by the progres- 
sively increasing frigidity which developed towards the end of the Tertiary. There 
would thus have been a radiation northward from the south, just as in other groups 
there has been a radiation southward from the larger northern land masses, as described 
by Matthew (1906). This explanation would account, too, for a considerable section of 
the “endemic” fauna, groups like Hxeritoneura and the brown species of Calliphora, 
which have no close relatives elsewhere to indicate their origin, and which have a 
geographical and seasonal distribution similar to that of the Antarctic element. It 
may be supposed that these also developed in Antarctica, but had only reached one of 
the adjacent countries before changes in climate and physiography broke the connections. 

This hypothesis is very plausible, but it presents one great difficulty, and that is to 
bridge the gaps between Antarctica and the surrounding countries. There is apparently 
no geological or bathymetrical evidence for the existence of past land bridges, and the 
only remaining. hypothesis which meets the conditions is that of Wegener (1924). It 
satisfies at any rate many of the geophysical and geological requirements, and it meets 
the biological facts we have discussed equally as well as those considered by Harrison. 
We may accept it provisionally as a sound working hypothesis from the biological 
point of view, leaving it to the geologists to substantiate or modify it or to propose a 
satisfactory alternative. 


6. SYSTEMATIC REVISION. 
A. GENERAL. 

We have hesitated long before creating a new family; but the general acceptance of 
such annectant families as Coenomyiidae and Xylophagidae leaves us no alternative if 
we are to be consistent, for the genus Pelecorhynchus occupies a precisely similar position 
between the Rhagionidae and Tabanidae to that filled by these other families between 
the Rhagionidae and Stratiomyiidae. Moreover, both the true Rhagionidae and 
Tabanidae are well-defined, compact groups, which are distinguished from Pelecorhynchus 
by characters too important to be ignored. It might be suggested that the adults of 
Pelecorhynchus could be associated with Coenomyiidae or Xylophagidae (sensu lato) 
by the common possession of numerous primitive characters. As, however, they belong 
to a different line of evolution and their early stages are quite different, such an 
association would be unnatural and incongruous. 


Family PELECORHYNCHIDAE, nh. fam. 
Pelecorhynchinae, Enderlein, 1925, p. 261 (subfamily of Tabanidae). 
Monotypic for the genus Pelecorhynchus Macquart, 1850. 


Adult. 

Robust, ornate flies. Antennae subulate, porrect; third segment with eight clearly 
defined annuli. Thorax (and head) with long silky hairs, forming conspicuous tufts. 
Tibial spurs present. Wings with C continuous round margin; Rs long; cell R, wide, of 
medium length; M 4-branched; cell Cu, open, vein 1A sinuous; alula developed. 
Antisquame small, with a conspicuous tuft; squame very small or absent, when present it 
is attached only at extreme lateral end of squamal ridge. Abdomen with segments 1 to 4 
normal, remainder tubular, telescopic, very extensible. Male hypopygium prominent; 
aedeagus with separated elements. Female with two-segmented cerci. 

To be distinguished from related families as follows: 

Tabanidae: By the small or rudimentary squame; presence of an infra-scutellar 
hair tuft; open cell Cu, and sinuous vein 1A; extensible, telescopic abdomen; 
male hypopygium; presence of two-segmented cerci in female. 

Rhagionidae: By the large size and robust build; subulate, 8-annulate third 
antennal segment; presence of long silky hairs aggregated into tufts; scutal 
and abdominal adornment; relatively short cell R, and sinuous vein 1A; and 
by the male genitalia. 

Of the remaining Tabanoid families, Coenomyiidae resemble Pelecorhynchidae 
in general body form, open cell Cu., and sinuous vein 1A, but are devoid 
of hair tufts and are otherwise different by reason of their Stratiomyiid 
affinities. 
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Larva. 

Large, extremely elongate, hard, rigid, incapable of contraction, tapering at ends; 
entirely smooth, waxy, shining, lacking projections or locomotor organs; thoracic hairs 
minute, some microchaetae also present on first thoracic and last abdominal segments; 
series of gland openings on abdominal segments. Head narrow, retractile; antennae 
large, two-segmented; labrum and labium complex, prementum present; mandible and 
maxilla working in conjunction, mandible curved, sharply pointed, lacking a pore. 
Amphineustic, anterior spiracles small; posterior pair separated, lying in a shallow 
cavern at apex. 

To be distinguished from related families as follows: 

Tabanidae: By the general form of the body; absence of projections, rugose 
patches and striations; form of spiracles, absence of siphon; absence of 
Graber’s organ; type of mouthparts and method of feeding. 

Rhagionidae: By the size, rigidity and smoothness; form of eighth abdominal 
segment and spiracular cavern. 

The larvae have no Stratiomyiid characters, and are consequently widely 
separated from Coenomyiidae and Xylophagidae (sensu lato). 


Pupa. 

Large, integument thick. Thorax short, wings and legs not extending beyond first 
abdominal segment; thoracic spiracle with straight transverse slit; head armature 
absent. Each abdominal segment except first with a girdle of spines; two dorsal and 
sometimes two ventral thorns anterior to girdle. Apical segment with six large thorns 
in position of girdle and a pair of large apical projections. 

To be distinguished from related families as follows: 

Tabanidae: By the thoracic spiracle, absence of thorns on abdominal segments 
anterior to girdles, structure of terminal segment. 

Rhagionidae: By size, absence of thorns anterior to girdles, and armature of 
terminal segment. 

Coenomyiidae and Xylophagidae: By the structure of the antennae, girdles 
and terminal segment. 


Genus PELECORHYNCHUS Macquart. 

Pelecorhynchus Macquart, 1850, p. 28;* Ricardo, 1900, p. 101, 1910, p. 402; Surcouf, 1921a, 
p. 221, 1921b, p. 110; Enderlein, 1925, p. 262. Genotype: P. maculipennis 
Macquart, 1850 (= Silvius personatus Walker, 1848).—Caenopnyga Thomson, 1868, 
p. 449. Genotype: C. maculipennis Thomson, 1868 (= P. maculipennis Macquart, 
1850).—Coenura Bigot, 1857, p. 286; Enderlein, 1925, p. 262; Krober, 1930, p. 113. 
Genotype: C. longicauda Bigot, 1857. 

Adult.—Characters of the family, with in addition: Eyes bare, facets subequal, 
ocelli present; face prominent, strongly convex, separated from parafacials by a deep 
cleft; proboscis not longer than head, thick, with large, hatchet-shaped labella; palpi 
extremely short, about one-sixth of the length of the proboscis, second segment normally 
short, broad, and bearing a shallow, wide-mouthed apical pit. Infra-scutellar tuft present. 
Scutum and abdomen frequently with a conspicuous pattern. Fore tibiae unarmed, mid 
and hind tibiae each with a pair of apical spurs. Vein R, without rudiment of its basal 
section (appendix). Highth sternite and ninth tergite of male large, heavily chitinized, 
and characteristically shaped; distal end of gonocoxite formed into a lobe, spine, or 
hood dorsally; style trilobed; aedeagus with a pair of stout, heavily chitinized apical 
hooks. Female with tergite 10 rudimentary, and second segment of cerci pedunculated. 

Larva and pupa.—Characters of the family. 

Synonymy: The genera Pelecorhynchus and Caenopnyga were originally monotypic, 
and were founded on the same genotype, Caenopnyga thus being an absolute synonym of 
Pelecorhynchus. Coenura was also originally monotypic, but founded on a different 
species; reasons have been given above (pp. 25-26) for regarding its genotype as 
congeneric with that of Pelecorhynchus. 


* The references given in this paper to Macquart’s works are to the reprints and not as they 
appeared in Mém. Soc. N. Sci. Lille.—Enp. 
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Within the genus, the species fall into three natural groups, which may be defined 
as follows: 
personatus group: Sexes similar; scutum never with sharply defined yellowish 
dorso-central lines; wings with or without dark markings, but never with 
a bright flavid tint; abdomen tomentose dorsally and ventrally, but never 
orange in colour, always fasciate, and frequently with a median dark vitta, 
but never with lateral dark vittae. Australian. 
fulvus group: Marked sexual dimorphism; abdomen of ¢ tomentose dorsally, 
orange, with median and lateral dark vittae, never fasciate; abdomen of 
male bare or tomentose as in fusconiger group; scutum of both sexes with 
yellowish dorso-central lines. Australian. 
fusconiger group: Sexes similar; scutum variable, several species with creamy 
to yellow dorso-central lines; wings variable, frequently with bright orange 
tint or markings; abdomen usually bare and shining; if tomentose (Chilean 
species) the basal segments are never fasciate and the markings are reduced 
to white spots. The following series may be recognized in this group: 
fusconiger series: dark species, with shining bare abdomen and lightly 
infuscated wings which are often suffused anteriorly with orange. 
Australian. 
vulpes series: abdomen densely pubescent, apparently not shining, other- 
wise as in fusconiger series. Chilean. 
longicaudus series: black species, with sharply defined, creamy to 
yellowish dorso-central lines, and more or less flavid, unspotted 
wings; abdomen with at least traces of tomentum and of white 
patches dorsally and ventrally. Chilean. 
fascipennis series: wasp-like species, with yellowish antennae, orange 
' wings patterned with black, yellowish tarsi, and bare abdomen. 
Australian. 
tillyardi series: narrow-bodied black species, with blackish wings. 
Australian. 

It is to be emphasized that these groups and series are based on markings and 
colouration. There are no structural differences between them to justify generic or 
subgeneric subdivision. It may be noted also that larvae and pupae of species from 
each of the three groups have been discovered, but show no differences which would 
support subdivision. 


B. THE ADULTS OF THE AUSTRALIAN SPECIES. 
Key to the Species. 

Note.—The key is designed purely for quick identification; it does not necessarily indicate 
relationships. 

iPePAbaomenstomentoses onanze: with blacks vittael =... .scents ne ees se ese ese semanas 2 

AH AOMeNmLOMeNLOSCHOTMDAGEe DUC ENe Ver ASM aDONME! eerie icl-vctebereyeiee) sicleucisorclel liellieiia cheaper ehelenenere 4 

Median area of scutum orange; wings orange, with a black mark near the tip ........ 

yeh it, ug OUOSE OUer ERA ce ARON etree Ber ee oY CCS ee a ae ao ee ae ea ee A fulvus Ric. @ 

Wediammarcear Oise ScutummblacksawinSSp Otte asia OViGi cies coco cneiel si epatenstey ire cuotenencucis cue eiearsiene 3 

3. Large species; femora and tibiae bright brown; wings with two large dark patches anteriorly 

Pee ca oN See erence vaeaat aie ANCE SE ERM apet eso us eREnaies Seley a) apenceoim aerate me aecenaers distinctus Tayl. 2 

Small species; femora and tibiae dark brown to black; wings grey, with small black spots 

oy Caan BIST B IDIC. BES NO NEALE ANG Be OTTO OEIC HSE RECEP AOI PE Rca Oe mirabilis Tayl. @ 

4. Abdomen tomentose dorsally and ventrally, with a well-developed pattern on the dorsum 


bo 


CODSCURCRINME OVI GUTES ater toed a Meee cles rene eo enep eee dae ane cu Neeson ai cseeen iets aie sen ouatiee niekous sus) cis a 
Abdomen devoid of tomentum or pattern, shining, usually black ..................... 18 
DVN Smowathyidarkuspots saLrancedmlmcorOupsie tists sere coms eie tec ate creiee olen) Se ceisler © ere 6 
Wings uniformly greyish, at most with an obscure darker mark at the apices of the basal 
CO SBS bdo HS ko ee acon Beieaid oleae Glave ac, eaperemetc abbr GB. ola ener eS Ane oh Bevan An aM ae en eC roe 12 

6. A very small species, with orange antennae and yellow tarsi .......... mirabilis Tayl. ¢ 
Larger species, with dark antennae and concolorous legs ............2.eecveceeeeeees ai 

7. Abdominal pattern very obscure, tergites with conspicuous red hair; wing spots small but 
(GUKSYOT ELEN soo wm CG GC OI MO LERCGUR OTIC © Och eTrCa me Tsar CUES NCN cl ePa PERI CHIT Io igniculus Hardy 


Abdominal pattern clearly defined, red hair, when present, less conspicuous; wing spots 
NAGS Tae uot na eee seceayeeat olive een choy sy eaten oye rare Ma ap a ions te tae espns Al Ade vei eee catav av ala ald gra eve acaueuahenavetie “ere? antb le co 
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Pale abdominal fasciae complete, dark fasciae partly interrupted by a pale median indenta- 


tion; wing spots large and conspicuous ..........- 2.225222 0- 2 e ees ee we one §) 
Abdomen with a median dark vitta, or the dark fasciae confluent centrally, thus interrupting 
the! paleitasciae wines spotsusmailler sand! dullereerere nti ce iei niente iinet enema 10 
Wing spots blackish and confluent; the pale fascia of the second visible abdominal tergite 
wide; lateral hairs of scutum and base of ruff reddish ............... nigripennis Ric. 


Wing spots usually more broken, smaller, and brownish; the basal pale fascia of the second 
visible abdominal tergite narrow; hairs at sides of scutum dark, base of ruff yellow 


SA Be Ae ea dy ga eo lacy A Sch ae MSC cae ect, | MRR ay May a fy ccc aa personatus (Walk.) 
Dark abdominal fasciae confluent in middle, and enclosing a conspicuous white spot at the 
Gentrexof Gach SERIMENE 21s see wpe ee se one SSS eure ee nae eins Sas cne een Pa Moar olivei Hardy 
Abdomen with a median black vitta, not enclosing a series of white central spots .... 11 
Dorso-central lines of scutum black, enclosing a white spot at the suture; infra-scutellar 
and: abdominal hairs re deere cag essen boas eS ELLE Ee eristaloides (Walk.) 
Dorso-central lines black, enclosing a white line which ends posteriorly at the suture; 
infra-scutellar and abdominal hairs pale gold .................... albolineatus Hardy 
Abdomen with a median black vitta interrupting the pale fasciae .................... 13 
Pale fasciae complete, the dark fasciae may be partly interrupted by pale median 
INGENCATIONS! (ees Ree a ale a lRecbty Lat ONE gt ce ea RS ou St ale al OWS Bee are are ra a 16 
Pale parts of abdomen reddish-brown, with reddish hairs at margins and apices of tergites 
and at apices of sternites; infra-scutellar tuft reddish-orange ........ rubidus, n. sp. 
Abdomen devoid of reddish tint or hairs; infra-scutellar tuft golden .................. 14 
Dorso-central lines narrow, pale, complete; median area of scutum black .... kippsi, n. sp. 
Dorso-central lines wider, black, with a pale spot at suture; median area of scutum 
[2 oh eS acre i eerie aor Gt aN CA nn ie at hi nema naan Ee a tlhe ai Staley Ola a GO. Gicha tio G:a'6 15 


Posterior margin of scutum with a median black triangular spot, which is continuous with 
the black central mark of the scutellum; o& hypopygium as in Text-fig. 58 ............ 
BN aes ager aoe Setar ite ear ae et aa re ea ee eR rt a a etn pater Mie eS BEN en MiG Gea od 6 OF occidens Hardy 
Median part of posterior margin of scutum entirely pale; o&@ hypopygium as in Text-fig. 57 
a covis atiattas SHEP Suse soteezei She auc tutes atiattacce Rs Geevis Hoy ee ees esa cee Serie emis MCSE OAT ER tO eoernt rte EER wre Ree Roma montanus Hardy 
Pale parts of abdomen reddish-brown, with reddish hairs at margins and apices of tergites 
and at apices of sternites, black fasciae of disc narrow; ¢& hypopygium as in Text- 
15 =e RS fe eee ie SOT Rte oer Stoner madera aU erent Tasers PY ar een aT nates rubidus var. avittatus, n. var. 
Abdomen fawn, red hairs, when present, inconspicuous and never at apices of sternites 17 
Dark abdominal bands broad, black, partially interrupted at centre; infra-scutellar tuft 
orange-red; wing with a faint dark cloud over the apices of the basal cells; o¢& 


Lan oroyonrfepusbony Cis} thoy Abepesales OO) Gocccucconoouaubuounouoduoucaonpoodaonoane simplex, n. sp. 
Dark abdominal fasciae narrow, brown, fading into the pale PARAS, not indented; infra- 
scutellar tuft golden; wing without dark cloud .................. simplissimus, Nn. sp. 
WWabaetsy Ghigdke fac aapabicerneyel ial OEY Goognoaaocucdnodnuucuco bobo Dodou Od OGD OOO DUO. tee 
Wings orange-yellow, usually with a well-defined dark pattern ...................... 20 
Wings greyish, subhyaline, often lightly suffused with yellow ......................2.- 25 
Median area of scutum grey, with a narrow black median line; ruff and lateral scutal hairs 
OY a ptecice chars ete eicw a wees os, ates ose mabe pte Skemerem a re Obaercan s oes Cen ce SRC ge ete ema em etme ptze eee tem cna men ege tillyardi Tayl. 
Median area of scutum black, with narrow pale dorso-central lines; ruff and lateral scutal 
1 ae2 1b of=iah a=) 0 Lace ROR aE eat eeecemey Siren Saeon ot ereaen. oe rite erhio’G crime Diced eran ey IReOrO cabs o niger, nN. sp. 
Wings more or less infuscated with black distally, and with a black mark near tip; median 
area. Of SCutuIM ONAN Les ce onicue Geass ie eerste dsce a mualeue usp maa ickwastiomelieustlene Wie eens bee enewenene fulvus Rie. & 
Wings with a definite black pattern; median area of scutum various ................ 21 
Scutum grey, with inconspicuous markings; wings with the tip and a broad band across 
the Mid @le Tae key se ee hc eae ae aa eee a aa Oe ot Sieh See Aine Bt a tn nage tt On oR eat a See 22 
Scutum with conspicuous pale dorso-central lines; wing pattern not as above ........ 23 
Wings black at base; femora black; abdominal hairs grey ............ fascipennis, n. sp. 
Wings orange at base; femora bright brown; abdominal hairs dull orange-yellow ........ 
wieght tate ay tether ap crcaeacs ihe uate aie ee Ze eM To ect aan wd te ena tos eet tg Ae Als Lo SNS eC ee a taeniatus, n. sp. 
Median area of scutum dull fawn; femora yellowish-brown (wing as in P. flavipennis) 
Sve fee boul ieisa cub ences vo-ab os anes UeatetTe Mame Ret Betas Be Moc ero eto dee Rew eb hte trahclustcue ioe Tel elke LE SEE Sistas coe Meare ouc oer deuqueti Hardy 
Median area of scutum~blacks yt enionram blacker: ied cise eieneeeictet ieicncler ct ieeeneae ene eee 24 
Wing with two extensive black patches anteriorly, the larger sub-basal and the smaller 
fb ove. Oy Cor= Hl Mente meneame Sits ecient s 1G. cura Crone HeNeNENs o ore ro Gea Dols Siaiold o B.0 distinctus Tayl. ¢&% 


Wing with more or less confluent dark spots running in series across its apical half 
EECA RPE Me Se Ae ae Ws erie Las ol UR 0 a REP os eGia Gc Gelato flavipennis Ferg. 


Scutum black, with prominent pale dorso-central lines .........2...... 2c ccs e eee cece 26 
Scutum@brown; pale) dorso-central Mines: ObSCUGEE eis =o oreo ence oeene ellen erste i-aen aan 27 
Dorso-central lines complete; sides and ruff reddish ...................... lineatus, Nn. Sp. 
Dorso-central lines interrupted; sides and ruff black .................- interruptus, N. Sp. 
Ruri jand=post-mesopleurnal sthukt edu omausSe tec aren sseeneneatenen chen neers tamcnete nner onct earner aa 28 


Ruff and post-mesopleural tuft yellow to creamy .:.:...............--. Bie dace nlspene asietenets 29 
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28. Abdomen with red tufts among the black lateral hairs .................. nebulosus, n. Sp. 
Abdomen with white tufts among the black lateral hairs ................+..0.4. nero, n. Sp. 
29. Abdomen dark mahogany, with red lateral hair tufts .................... claripennis Ric. 
Abdomen black, with white to yellowish lateral hair tufts ............ fusconiger (Walk.) 


Key to subspecies and variety of P. fusconiger Walk. 


PRES Up ie lei Gunite ie Gi encucynetacns, <tccss ee tieaee. cy Mache bie satuse Blew 6 echyeuecete ea ote c® var. rufibasis, n. var. 
SRMPAHlewe Woe GAs (uo, Chol SMOKY odoedodoccuoabadcdcosuudeuoddbnuunodnBneabone 2 
2. Antennae and legs entirely black, face with pale hairs only ...... subsp. alpinensis, n. subsp. 


Antennae partly reddish-brown, fore and mid tibiae and tarsi brown, face with black hairs 
IM OnCHOnWLESSIMIXedeswith PaAlewOneS: sevaeee sive aie s) te afarhous fern send sehadeusustalhe, Shedsus piss. cee sneress 3 

5. Scutum grey, dorso-central lines prominent, lateral hairs bright yellow ................ 
0:0:0.0 SO DIG DON GLBLEvO "TG GED TONE aS GG Ge MORGIRSRIER FBLC: onn5 I rca ele PE eye subsp. fergusoni Hardy 
Scutum dull brown, dorso-central lines faint, lateral hairs dark mixed with some dull yellow 
0.0.6°0 80.0 DtO.6-O O'S-Gt-0 10 OP BNO ELEC DONC EEOC RERDY 5/5 ruc ANG oun OSC Ree eee enone subsp. fusconiger (Walk.) 


The personatus group. 
PELECORHYNCHUS PERSONATUS (Walker). 


Silvius personatus Walker, 1848, p. 192.—Dasybasis personatus Walker, 1854, p. 267.— 

Pelecorhynchus maculipennis Macquart, 1850, p. 28, pl. ii, fig. 6; Ricardo, 1900, 

p. 102, 1910, p. 403; Froggatt, 1911, p. 9; Taylor, 1917, p. 513; Surcouf, 1921a, 

p. 221, 1921b, p. 111; Enderlein, 1922, p. 336, 1925, p. 262.—-Caenopnyga maculipennis 

Thomson, 1869, p. 450, pl. ix, fig. 2.—Pelecorhynchus ornatus Schiner, 1868, p. 98; 

Williston, 1895, p. 192.—Pelecorhynchus nigripennis Taylor, 1918, p. 55, nec Ricardo, 

1910, p. 405; Taylor, 1919, p. 41.—Pelecorhynchus personatus (Walk.), Ricardo, 1900, 

p. 102; Hardy, 1920, p. 35, 1922, p. 196, 1933, p. 412. 

An ornate species; thorax with complete pale dorso-central lines, which are confluent 
posteriorly; abdomen with complete pale, and partly interrupted black fasciae;* wings 
with conspicuous irregular dark brown bands, often having the appearance of rows of 
more or less confluent spots. 

6, °. Antennae dark brown. Eyes contiguous for a considerable distance in the J, 
separated by a distance equal to about two-thirds of the length of the frons in the 9. 
Frons with dark brown tomentum and black hairs. Face with silvery-grey tomentum, 
tinged above with brown; hairs black. Parafacials with creamy-white tomentum and 
white hairs, which are mixed with yellow ones in the ¢ and black in the ?. Ruff pure 
white to creamy-yellow. 

Scutum mainly black, with conspicuous pale grey markings and some more obscure 
brown areas. Dorso-central vittae pale grey, and fairly broad, and becoming confluent 
posteriorly, so that the posterior third of the median area is entirely grey. A narrow, 
median, almost white line is just visible on the grey, and frequently extends a little 
anteriorly onto the brown. Anterior two-thirds of the median area black, brown in the 
middle and at the edges. Sutural line grey, sharply delimited posteriorly, more diffused 
anteriorly. Presutural sublateral area black, becoming diffused through brown into grey 
posteriorly and into grey laterally. Postsutural sublateral area black, with brown to 
greyish centre. Scutal hairs black mixed with some russet hairs in front of the 
scutellum. Lateral hairs mainly black, mixed with a few creamy hairs anteriorly, and 
with a definite but narrow zone of red hairs above the wing root. Post-alar tuft 
conspicuous, dull creamy in colour. Scutellum jet black; infra-apical tuft dull red, 
mixed with a few black hairs. Post-mesopleural prominence brown, with black hairs. 
Post-mesopleural tuft creamy to pure white, as is also the relatively conspicuous tuft 
on the squame. 

Legs uniformly dark brown, becoming blackish on the distal tarsal segments. 

Wings greyish, sub-hyaline, with a series of prominent, oblique, irregular, dark brown 
markings. .Cells C and Se are uniformly brown. The basal marking fills the base of 
cells R and M; the second extends from the tip of Se irregularly backwards to Cu,, m-cu 
lying in the middle of its posterior part; the third extends obliquely across the distal 
part of the wing, with the bifurcation of R,.; for its centre, while the last almost fills 
the apex of the wing. In addition, there is an elongate, rather paler spot covering the 


* “Mascia”’ is used throughout to mean a transverse band and “‘vitta’” to mean a longitudinal 
stripe. 
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apical part of 1A and almost continuous with the second band, and there is also an 
oblique mark midway between the second and third bands covering the bifurcation of 
M,,. and extending along 1-m and M, to the wing margin. The extent of these markings 
is variable; in some specimens they form almost complete bands, while in others they 
are reduced to rows of more or less confluent spots, which in some individuals do not 
extend as far towards the hind border of the wing as in others. 

Abdomen with the anterior half of each segment pale grey and the posterior half 
black. The grey fasciae are infuscated with darker grey to brownish anteriorly and 
towards the middle, while the black fasciae are interrupted in the mid-line for about 
two-thirds of their depth by a pale grey indentation, which is at least as deep as wide 
and usually distinctly deeper than wide. Abdominal hairs black, with a distinct 
admixture of reddish hairs on the posterior border of the second and subsequent visible 
tergites. Lateral tufts black and white in alternating areas corresponding to the 
markings on the disc. 

¢ hypopygium (Text-fig. 53): Ninth tergite as broad as long; eighth sternite also 
relatively short and wide, its distal end not produced to form thumb-like projections 
on either side of the cleft. The dorsal lobe of the gonocoxite is neither greatly expanded 
nor abruptly truncated; style with the medial lobe small and truncated, intermediate 
lobe hardly projecting beyond the medial, its distal edge straight, lateral lobe nearly 
straight and of moderate size. Aedeagus with proximal struts longer than the distal 
part; hooks well developed, and strongly and evenly curved, the spines on their medial 
sides well developed and the space behind the spines slightly expanded. 

Length: 16 to 17-5 mm. 

Distribution—Type °, New South Wales; Victoria and between Sydney, N.S.W., and 
Moreton Bay, Qd. (Ricardo). Queensland (Williston). Auckland, N.Z. (Schiner). The 
last record is almost certainly erroneous. We have seen specimens from the following 
localities: —Queensland: Stradbroke I., 2.x.1911 and 17.ix.1915 (Hacker), ix.1926 
(Mackerras); Sunnybank, near Brisbane, x.1927 (Hardy). New South Wales: Gosford, 
x.1924 (Gallard); Pittwater, Hawkesbury River, 17.x.1926 (Mackerras); Narrabeen, 
24.x.1926 (Mackerras); Manly, Sydney, 27.x.1923; Roseville, Sydney, 3.x.1923 
(Ferguson); La Perouse, Sydney, 6.x.1918 and 12.x.1919 (Hardy); Sublime Pt. near 
Bulli, 11.xii.1925 (Harrison) ; Woodford, 14.xi.1925 and 7.xi.1926 (Nicholson); Wentworth 
Falls, 21.xii.1923 (Harrison), 11.xii.1926 (Mackerras) and _ 11.xii.1931 (Taylor); 
Blackheath, 18.xi.1919; Ropes Creek, no date; Burradoo, no date. 

P. personatus Walk. was the first species of the genus described and was designated 
as the genotype by Miss Ricardo, who, however, for some reason used Macquart’s name 
in preference. The types are in the British Museum. It is very close to P. nigripennis 
Ric., from which it may be distinguished by the characters listed under that species. 
P. personatus Walk. is very widely distributed, extending from Victoria to Brisbane, Qd., 
and is one of the few species occurring near sea level at Sydney. It is fairly abundant. 
throughout its range, and is almost always taken feeding on Leptospermum flowers, but 
may occasionally be seen hovering over Swampy areas. 


PELECORHYNCHUS NIGRIPENNIS Ricardo. Pl. i, fig. 1. 


Pelecorhynchus maculipennis Ricardo, 1900, p. 102, nec Macquart, 1850, p. 28— 
Pelecorhynchus nigripennis Ricardo, 1910, p. 405; White, 1915, p. 22; Hardy, 1915, 
p. 60, 1917, p. 63; Taylor, 1918, p. 55; Hardy, 1920, p. 36; Surcouf, 1921la, p. 222, 
1921b, p. 111; Enderlein, 1925, p. 262; Tillyard, 1926, p. 359, pl. xx, fig. 21; Hardy, 
1933, p. 412. 
3g, 2. Closely allied to P. personatus Walk., but darker and more conspicuously 
marked. The hairs on the parafacials have a more reddish tinge, and there is a tinge 
of red in the ruff and the post-mesopleural tuft. The sublateral areas of the scutum are 
entirely black, and the sutural line is faint; the reddish hairs at the side of the scutum 
are more conspicuous and more extensive, being continuous from the anterior margin 
of the thorax to the anterior portion of the post-alar tuft; the infra-scutellar tuft is a 
brighter red. The dark markings of the wings are blacker, and usually more extensive. 
The pale band on the second abdominal tergite is distinctly wider, occupying about two- 
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thirds of the width of the tergite; the pale median indentations of the black bands on 
all segments are wider than broad; also the line of red hairs at the apex of each tergite 
is more conspicuous. The male genitalia resemble those of P. personatus Walk., except 
that the hooks of the aedeagus are distinctly longer and less upturned, the spines on 
their medial sides are undeveloped, the distal part is as long as the struts, and the dorsal 
lobe of the gonocoxite is more expanded. 

Length: 13 to 14 mm. 

Distribution—Type ¢, New South Wales; type ?, Dandenong Ranges, Victoria. New 
South Wales: Ebor, 20.xii.1911; Barrington Tops, 7.i11.1925; Moss Vale, xii.1904 
(Goldfinch); Ranelagh, 24.1.1915 (Lucas); Alpine Ck., near Kiandra, 2.i1.1932 (Willings). 
Victoria: Healesville, 19.i.1896; Warburton, no date; Yarra Junction, 9.ii1.1913. 
Tasmania: Ranelagh, 24.1.1915 (Hardy); Cradle Mt., 21.i.1925. 

It is difficult to decide whether P. nigripennis Ric. and P. personatus Walk. are to 
be treated as separate species or as subspecies, for, although their ranges overlap 
considerably, P. nigripennis Ric. is distinctly more southern, and they have never both 
been taken in the same locality. On the whole we consider that the differences recorded 
are too great for them to be included within the one species. The habits of P. nigripennis 
Ric. are similar to those of P. personatus Walk., but it is distinctly rarer. Its life-history 
and early stages are described on pp. 36-37. 


PELECORHYNCHUS OLIVEI Hardy. 
Pelecorhynchus olivei Hardy, 1933, p. 413, 1940, p. 486. 

A medium-sized species; thorax with complete pale dorso-central lines, which are 
not confluent posteriorly; abdomen with the paler portions forming incomplete lateral 
fasciae and a median diamond-shaped spot; wings spotted. 

6, g. Antennae dark brown to black. Eyes contiguous for a short distance in the J, 
separated by a distance equal to, or slightly greater than, the length of the frons in the Q. 
Frons with dark brown tomentum and black hairs; face and parafacialia silvery-grey, 
with black hairs, mixed below with some yellowish hairs. Ruff creamy-yellow, becoming 
darker and duller yellow posteriorly. 

Scutum dark brown to black, with prominent pale grey dorso-central lines, which 
widen out posteriorly in a few specimens, but do not become confluent. There is a 
median grey line, which widens out posteriorly, and extends forward for about one-third 
the length of the scutum. The suture is indefinitely marked with grey. Hairs of disc 
black, mixed at the margins with dark yellow; there is a zone of dark yellow hairs above 
the wing root, and the post-alar tuft is white, tinged anteriorly with yellow. Scutellum 
black, tinged anteriorly with grey or brown; infra-scutellar tuft orange-red. - Post- 
mesopleural prominence with dark yellow hairs; post-mesopleural tuft white, tinged with 
yellow at the base. Squame with dark yellow hairs. Legs brown, becoming darker 
distally. Wings with distinct brown markings, the distribution of which is essentially 
the same as in P. personatus Walk., but the spots are much smaller and more discrete. 

Abdominal tergites with dark brown to black basal and apical fasciae, which broaden 
out and coalesce near the mid-line, thus dividing the intermediate pale fascia into an 
elongate lateral area on each side and a large median, irregularly quadrangular, 
frequently diamond-shaped, spot. Hairs on disc black; a fringe of bright golden hairs 
at the apices of the tergites: marginal hairs in black and white alternating areas, the 
black being mixed with bright golden hairs, which almost completely replace the darker 
hairs posteriorly. 

6 hypopygium: Differs from that of P. personatus only in that the dorsal lobe of the 
gonocoxite is more square-ended, and the intermediate lobe of the style is more rounded 
and projects a little beyond the medial lobe; the hooks of the aedeagus are intermediate 
in size and shape between those of P. personatus Walk. and P. nigripennis Ric. 

Length: 12 to 13 mm. 

Distribution.—Tasmania: Only known from the type series from Strahan, ii.1924 
(Hardy), of which we have seen several specimens. 

P. olivei Hardy is to be distinguished from all other species of the group by the 
abdominal markings, the median pale spots being quite distinctive. Its nearest ally is 
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P. personatus Walk. which it links with P. albolineatus Hardy and other spotted-winged 
members of the group. It would appear to be swamp-frequenting in habits. 


PELECORHYNCHUS IGNICULUS Hardy. 
Pelecorhynchus igniculus Hardy, 1917, p. 64, 1920, p. 34, pl. ix, fig. 1; Enderlein, 1925, 

p. 262; Hardy, 1933, p. 413. 

A distinctive reddish species; thorax with distinct pale dorso-central lines, ending 
posteriorly near the suture; abdomen red haired, with hardly perceptible markings; 
wings spotted. 

dg, 9. Antennae brownish-black. Eyes separated in the male by nearly the width 
ot the anterior ocellus, in the female by a distance about equal to the length of the frons. 
Frons brown, with a darker brown blotch on each side of the middle in the female; hairs 
black. Face brown, with black hairs; parafacials creamy, with creamy-yellow hairs. 
Ruff dull creamy-yellow. 


Text-figs. 53-60.—Male hypopygia of species of the personatus group. 53. P. personatus 
Walk. 54. P. igniculus Hardy. 55. P. albolineatus Hardy. 56. P. kippsi, n. sp. 57. P. montanus 
Hardy. 58. P. occidens Hardy. 59. P. rubidus, n. sp. 60. P. simplex, n. sp. 


Scutum dark brown, with prominent greyish dorso-central lines, bordered with black, 
and expanding at the suture, a little behind which they disappear; there is a narrow 
median lighter brown line, which becomes wider and greyish in colour in front of 
the scutellum; sutural line indefinite. Hairs black on disc, mixed with a few reddish 
hairs in front of the scutellum and near the wings. Marginal hairs black, mixed with 
red which are particularly prominent above the wing root, especially in the female. 
Post-alar tuft with some creamy hairs; post-mesopleural prominence brown, with bright 
brown hairs; post-mesopleural tuft white. Scutellum deep brown; infra-scutellar tuft 
reddish, varying to dull gold in a few males. Legs uniformly brown. Wings smoky, 
with a faint yellowish tint, and some indefinite clearer areas; dark spots as in P. olivei 
Hardy, but fewer, smaller, and more discrete. 

Abdomen brown, with obscure and indefinite markings, which can only be detected 
in some specimens, and take the form of slightly paler lateral bands and median patch, 
che distribution of the paler colour being similar to that of P. olivei Hardy. Hairs of 
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dise mainly reddish, mixed with a few black ones, giving the abdomen a general reddish 
appearance. Marginal hairs and fringe to the tergites bright red. 

bo hypopygium (Text-fig. 54): The distal end of the ninth tergite is distinctly concave. 
The distal end of the eighth sternite is produced on either side of the cleft to form a 
pair ot short, thumb-like projections, a character which differentiates this and the 
remaining species of the group from P. personatus Walk., P. nigripennis Ric., and 
P. olivei Hardy. The dorsal lobe of the gonocoxite is strongly expanded to form a 
large, pointed hood; both lateral and medial lobes of the style are long and somewhat 
curved, while the intermediate lobe is very small. The distal part of the aedeagus is 
short and stout, and the proximal struts are elongate; the hooks are very short, stout, 
and strongly curved; the spines on their medial sides are prominent, while the space 
behind the spines is strongly expanded. 

Length: 13 to 15 mm. 

Distribution.—Tasmania: Cradle Mt., 3,700 ft., 17.1.1917 (Hardy, type series) ; 
Zeehan, i and ii.1924 (Hardy). 

P. igniculus Hardy is a very distinctive species, which is easily separated from other 
members of the group by its abdominal markings and male hypopygium, and from 
species of other groups by the wing and scutal adornment. Its nearest ally is P. olivei 
Hardy. It is apparently also a frequenter of swamps. 


PELECORHYNCHUS ALBOLINEATUS Hardy. 
Pelecorhynchus albolineatus Hardy, 1917, p. 64, 1920, p. 34, pl. ix, fig. 4; Ferguson, 19215, 

p. 368; Enderlein, 1925, p. 262; Hardy, 1933, p. 412. 

A large species; thorax with incomplete dorso-central lines, ending posteriorly at 
the suture; abdomen with pale and dark fasciae and a narrow median black vitta; wings 
spotted. 

6d, 9. Antennae black. Eyes not quite touching in male, separated by about the 
length of the frons in the female. Frons dark brown in male, yellowish-grey in the 
female, with a dark brown patch around the ocelli; frontal hairs black in the middle, 
yellowish-grey at the sides. Face and parafacialia creamy, the latter paler; hairs black 
on the face, creamy on the parafacialia. Ruff cream. 

Secutum greyish-brown, marked with brownish-black and grey. There is a pair of 
Ssharply-defined, grey dorso-central lines, which expand to form a diamond-shaped area 
at the suture, behind which they terminate abruptly. These lines are surrounded by a 
broad zone of very dark tomentum, which begins in the anterior third of the presutural 
area and extends almost to the scutellum. The dark zone in the presutural sublateral 
area extends forward and laterally to the front of the thorax, while the postsutural 
sublateral area is irregularly marked with darker and lighter colour. Suture narrowly 
grey. A broad but short, pale grey, median stripe extends forward from the posterior 
margin for about one-third the length of the scutum. Scutal hairs black, mixed 
posteriorly at the margins with some creamy hairs, but there is no definite pale zone. 
Post-mesopleural prominence yellowish-brown, with concolorous hairs; post-mesopleural 
tuft creamy. Scutellum dark brown, the basal fourth grey; infra-scutellar tuft pale 
golden. Legs brown, unmarked. Wings grey, with irregular paler areas and dark grey 
spots, giving them a somewhat marbled appearance. The arrangement of the spots is 
as in other members of the group, but they are smaller than in P. personatus Walk., and 
rather fainter and more diffuse than in P. olivei Hardy. 

Abdomen brownish-black, with a broad creamy-yellow fascia about the middle of 
each tergite, and a narrow median dark vitta, which interrupts the pale bands. The 
pale fasciae are situated progressively nearer the bases of the tergites proceeding 
posteriorly, until on the last visible tergite they are almost basal in position. Hairs 
black, a dull golden fringe to each segment, and alternating black and golden zones of 
lateral hairs. 

& hypopygium (Text-fig. 55): The ninth tergite is longer than wide, and its distal 
edge is concave. The dorsal lobe of the gonocoxite ends in a rounded point; the medial 
lobe of the style is large; the intermediate lobe is rounded, and projects beyond the 
medial lobe; the lateral lobe is longer than in P. personatus Walk., and is somewhat 


52 THE GENUS PELECORHYNCHUS, 


curved. The distal part of the aedeagus is longer than the proximal struts; the hooks 
are fairly long, and are evenly curved in their distal part, and the spines on their 
medial aspects point dorsally, while the space behind the spines is evenly tapering. 

Length: ¢, 14 mm.; 9, 18 mm. 

Distribution.—Tasmania: Cradle Mt., 3,700 ft., 11 to 23.i1.1917 (Hardy, type series) ; 
Cradle Valley, 10.1.1923 (Tonnoir). 

P. albolineatus Hardy is most nearly allied to P. eristaloides Walk., from which it is 
to be distinguished by the presence of a presutural dorso-central line and by the absence 
of red pubescence on the abdomen. All other species of the group with similar abdominal 
markings have unspotted wings. 


PELECORHYNCHUS ERISTALOIDES (Walker). 


Silvius eristaloides Walker, 1848, p. 193.—Dasybasis eristaloides Walker, 1854, p. 267.— 
Pelecorhynchus eristaloides (Walk.), Ricardo, 1900, p. 102, 1910, p. 405; Froggatt, 
1911, p. 9; White, 1915, p. 22; Hardy, 1915, p. 60, 1916, p. 269, 1917, p. 63; Ricardo, 
1917, p. 211; Hardy, 1920, p. 35; Ferguson, 1921b, p. 368; Surcouf, 1921a, p. 221, 
1921b, p. 111; Enderlein, 1925, p. 262: Hardy, 1933. p. 412. 

3, 2. Allied to P. albolineatus, from which it differs as follows: The pale dorso- 
central lines on the scutum are reduced to diamond-shaped patches at the suture; the 
dark brown zone surrounding the dorso-central area extends as a continuous vitta for 
the full length of the scutum, without lateral extensions. There is a fairly definite 
reddish zone above the wing root, and the infra-scutellar tuft is reddish. There is a 
zone of rich red hairs at the apices of the abdominal tergites, as well as some diffusely 
scattered red hairs which give the disc a reddish tint; the lateral hairs of the abdomen 
are entirely red in the male, in red patches in the female. Legs with a reddish hue. 
The wings have a distinctly more yellow tint anteriorly. 

6 hypopygium: As in other characters, nearest to P. albolineatus Hardy, but 
differing as follows: The ninth tergite is relatively long and narrow, and its distal edge 
is deeply bayed as in P. kippsi, nov. The dorsal lobe of the gonocoxite is much broader, 
and its distal end is straight. The distal part of the aedeagus is only slightly longer 
than the proximal struts; its sides are evenly curved, and do not show the usual abrupt 
change at the base of the hooks, which are not so streng as in other species; the spines 
on their medial aspects are vertically directed and not easily seen. 

Length: 17 mm. 

Distribution.—Type g, Australia, Children Collection (B.M. Nat. Hist.); another 
specimen labelled Australia (Children Coll.) in the Macleay Museum. Tasmania: South- 
east Tasmania (Ricardo); Strahan, 11.1924 (Hardy); Geeveston, 24.xii.1914 and 19.i.1916 
(Hardy); Cradle Mt., no date; Zeehan, i.1924 (Hardy); Advent Bay, 9.xii.1922 
(Tonnoir); Rinadeena Siding, Mt. Lyell Line, 11.i1.1937 (Davis). 

Like other Tasmanian species of the group, P. eristaloides Walk. is a frequenter of 
swamps. 


PELECORHYNCHUS KIPPSI, Nn. Sp. 


A rather small species, with complete pale dorso-central lines on the scutum; pale 
abdominal fasciae interrupted by a median dark vitta; and unspotted, somewhat 
intuscated wings. 

do. Antennae dark brown. Eyes separated by half the width of the anterior ocellus. 
Frons dark brown, hairs black. Face and parafacials creamy-yellow; facial hairs creamy- 
yellow, with a black zone in the middle; parafacial hairs and ruff creamy-yellow. 

Scutum brown, median area darker than the sublateral areas. Dorso-central lines 
greyish, continuous, becoming wider and almost confluent just in front of the scutellum. 
These lines are bordered medially by an indistinct dark brown line, and there is also an 
indistinct dark brown median line, which is continuous to the scutellum. The suture is 
concolorous with the sublateral areas, and the postsutural sublateral area is greyish 
laterally. Scutal hairs black, mixed on the supra-alar zone with a few creamy-yellow 
hairs. Post-alar and squamal tufts creamy-yellow. Scutellum grey, with a large median 
brown patch; infra-scutellar tuft bright golden. Post-mesopleural prominence dull brown, 
with mixed light and dark hairs; post-mesopleural tuft creamy-yellow. Legs brown, 
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darker on tarsi. Wings greyish, subhyaline, diffusely infuscated anteriorly, especially 
around r-m. 

Abdomen dark brown, blackish towards apex of second visible tergite; with broad, 
pale greyish fasciae, interrupted by an irregular brown median vitta, which fades on the 
fourth visible tergite, leaving it almost entirely pale grey. MHairs of disc black, mixed 
with a few golden ones at the apical margins of the segments; lateral hairs bright 
golden, mixed with black, especially at the edges of the darker fasciae. 

do hypopygium (Text-fig. 56): The genitalia are quite distinctive. The ninth tergite 
is slightly longer than broad, and its distal edge is deeply bayed. The dorsal lobe of the 
gonocoxite is not widened, and is irregularly transverse distally. The style has all three 
lobes well developed, the intermediate being evenly rounded. The aedeagus is relatively 
short and broad, with the hooks strongly recurved, and the space between them not 
divided into membranous and chitinous parts; the proximal struts are stout and of 
moderate length. 

Length: 12 mm. 

Distribution —New South Wales: Barrington Tops, 29.xii.1934 (Kipps), a single male 
taken resting on grass. 

This species is named in honour of Mr. E. H. Kipps, who collected the specimen, and 
whose help in the field has already been acknowledged. On genitalic characters it seems 
to be related to P. igniculus Hardy, but superficially it bears a much closer resemblance 
to P. montanus Hardy, from which, however, it is easily distinguished by the thoracic 
markings. The unique holotype male is in the Macleay Museum, University of Sydney. 


PELECORHYNCHUS MONTANUS Hardy. 
Pelecorhynchus eristaloides var. montanus Hardy, 1916, p. 269; Enderlein, 1925, p. 262.— 

Pelecorhynchus montanus Hardy, 1917, p. 65, 1920, p. 34, pl. ix, fig. 2, 1933, p. 412. 

A large, greyish species; thorax with black dorso-central lines, containing a pale 
spot; abdomen with black and pale grey fasciae, the latter interrupted by a narrow 
median black vitta; wings unspotted. 

6, . Antennae black, brown at base. Eyes contiguous for a short distance in the 
male, separated by a little more than the length of the frons in the female. Frons of 
female grey, with a brown mark on each side of the ocellar triangle. Face and para- 
facialia creamy to greyish-white, the former with mixed dark and white to creamy hairs, 
the latter pale haired. Ruff creamy. 

Scutum dark grey; with broad, rather irregular, dark brown dorso-central lines, 
which contain an elongate, pale grey spot at the level of the suture. These spots are 
the remains of the obsolescent pale dorso-central lines. In each sublateral area there is 
a dark brown mark extending forward from the post-alar callus for two-thirds the 
distance to the suture. There is no median dark mark in front of the scutellum. Secutal 
hairs black; supra-alar and post-alar tufts creamy. Scutellum grey, with the margins 
broadly dark brown and a dark brown median vitta; infra-scutellar tuft bright pale 
golden. Post-mesopleural prominence brown, with brown hairs, post-mesopleural tuft 
creamy. Legs uniformly bright brown. Wings greyish, a little darker along the veins. 

Abdomen brownish-black; with broad, pale grey fasciae, that on the second visible 
tergite being near the middle of the segment, while the others are more nearly basal. 
A-narrow, but conspicuous, median brownish vitta interrupts the grey fasciae. Hairs of 
disc mixed creamy and black, a pale yellow fringe to the apices of the tergites, and 
alternating pale yellow and black zones at the lateral margins. 

3d hypopygium (Text-fig. 57): The ninth tergite is slightly longer than broad, and 
is moderately bayed distally. The dorsal lobe of the gonocoxite is normal; the style is 
not unlike that of P. igniculus Hardy, but the medial and lateral lobes are smaller, and 
the intermediate lobe is larger, though not projecting as far as the base of the medial 
lobe. Aedeagus longer distally than proximally; hooks short, stout, and strongly curved; 
the spines on their medial aspects hardly visible, and the space between the spines not 
expanded. 

Length: 16 mm. — 

Distribution.—Tasmania: Mt. Wellington, 4,000 ft., 6 and 10.i.1916 (Hardy, type 
series), also i.1924 (Hardy); Cradle Valley, 22.1.1923 (Tonnoir). 


54 THE GENUS PELECORHYNCHUS, 


P. montanus Hardy can be distinguished from P. kippsi, nov. by its larger size and 
reduction of the pale dorso-central lines to a pair of spots, and from P. occidens Hardy 
by the absence of a dark median patch in front of the scutellum. Other species of the 
group with unspotted wings have very different thoracic markings. Hardy considered 
that it was restricted to Mt. Wellington, but the pair collected by Mr. Tonnoir at Cradle 
Valley are undoubtedly this species, as was confirmed by examination of the genitalia. 


PELECORHYNCHUS OCCIDENS Hardy. 
Pelecorhynchus montanus var. A. Hardy, 1917, p. 65, 1920, p. 34, pl. ix, fig. 3; Ferguson, 

1921b, p. 368.—Pelecorhynchus occidens Hardy, 1933, p. 414. 

3,9. Superficially almost identical with P. montanus Hardy, being only distinguished 
by the presence of a median, triangular, brownish-black mark on the scutum immediately 
in front of the scutellum, and by the reduction of the dark colour on the post-sutural 
sublateral area. Also the pale abdominal fasciae tend to be wider. The male hypopygium 
(Text-fig. 58) is, however, quite different, and sets the specific distinctness of this form 
beyond any question. The ninth tergite and eighth sternite are longer and narrower. 
The aedeagus is markedly elongate distally, and has more evenly contoured sides; the 
hooks are long and stout, heavily chitinized, and strongly bent distally, so that their 
apices look proximally and slightly laterally; no spine is visible, and the space between 
the hooks is narrow. 

Length: 16 to 18 mm. 

Distribution.—Tasmania: Cradle Mt., 3,700 ft., 11.14.1917 (Hardy, type series); 
Cradle Valley, 22 and 26.1.1923 (Tonnoir); Zeehan, i and ii.1924 (Hardy). 

Hardy (1933) notes that P. occidens Hardy inhabits the fringes of large swamps, 
and is taken on or flying over the foliage of the larger shrubs, whereas other species 
occurring in the same areas are distributed over the Swamps. 
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PELECORHYNCHUS RUBIDUS, nh. sp. PI. i, fig. 3. 


A robust, reddish species. Scutum brownish-olive, with narrow pale dorso-central 
lines, and narrow dark lines, which are vestigial in some specimens; abdomen with 
reddish and black fasciae, and an inconstant median black vitta; wings unspotted. 

6, 2. Typical form: Antennae bright brown, darkening towards tip. Eyes contiguous 
in male, separated by about half the length of the frons in the female. Frons of female 
brown, with an extensive dark brown mark on each side, hairs black. Face fawn, with 
black hairs mixed with some creamy ones; parafacials creamy-yellow, with pale yellow 
hairs. Ruff pale yellow. 

Scutum brownish or greyish-olive, with narrow, inconspicuous, pale dorso-central 
lines, which commence in the posterior half of the presutural area, widen at the suture, 
and gradually become more indefinite towards the scutellum. A narrow, dark brown 
line borders each side of the dorso-central lines, that on the medial aspect being complete, 
while the one on the lateral aspect is shorter; there is also a narrow, median, dark, 
longitudinal line of variable extent. Suture grey, fairly well defined, partly bordered 
with dark brown. Hairs on dise black, mixed at margins with orange-yellow; supra-alar 
zone red, prominent; post-alar tuft bright pale yellow. Scutellum greyish-olive, brownish 
towards base; infra-scutellar tuft red to red-gold. Post-mesopleural prominence dark 
fawn, with orange-brown hairs; post-mesopleural tuft bright yellow to creamy; squamal 
tuft bright orange-yellow. Legs uniformly bright chestnut-brown. Wings unspotted, 
lightly and evenly infuscated; veins brownish-orange, giving the wings a faintly flavid 
appearance. There is no trace of darkening at the apices of the basal cells. 

Abdomen with broad, alternating, black and pale brown to reddish-orange fasciae, 
and a median black vitta interrupting the pale bands; the black fasciae are not sharply 
indented in the middle. Hairs of disc black on the dark parts, reddish on the paler 
areas, giving the latter a distinctly reddish tint; apices of tergites with a red-gold 
fringe; margins with red-gold hairs, interrupted by small and often indefinite patches 
of black hairs. Venter light grey, with a narrow but conspicuous fringe of red-gold 
hairs at the apices of the sternites. } 

do hypopygium (Text-fig. 59): Ninth tergite distinctly longer than broad, its distal 
edge deeply excavated to form a bay; eighth sternite with prominent, thumb-like 
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processes distally on each side of the median cleft. The remarkable feature of this 
species is the form of the aedeagus, which is very short and broad, with the hooks 
turned almost straight back so as to lie along its lateral aspect, a condition not seen 
in any other Australian species and only approached by the Chilean P. biguttatus Phil.; 
the space between the hooks is narrow, parallel-sided, and beai's no spine. 

Length: 16 to 18 mm. 


P. RUBIDUS Val’. AVITTATUS, N. val’. 

Southern specimens differ from the typical form in the more or less complete disap- 
pearance ot dark lines on the scutum, in the rich crimson colouration of the supra-alar 
zone, post-scutellar tuft, marginal hairs of abdomen, and fringes at the apices of the 
abdominal tergites and sternites, and in the more or less complete disappearance of the 
black median abdominal vitta. The male genitalia differ only in that the intermediate 
lobe of the style is narrower and projects more in the southern form. We would regard 
this as a distinct subspecies, but for the fact that some southern specimens vary towards 
the typical form, and one female from the Blue Mts. is almost indistinguishable fiom the 
Alpine Creek specimens. 

Distribution.—New South Wales: Wentworth Falls, 11.xii.1931 (Taylor); Medlow 
Bath, 25.1.1923 (Goldfinch); Boddington, i.1926; Blackheath, 1.11.1926 (Nicholson & 
Mackerras); Blue Mts., i.1922 (Deuquet); Kuring-gai Chase, i1.1926 (Nicholson); Alpine 
Ck., near Kiandra, 1.1.1934 (Mackerras), 26.1.1935 (Campbell), 9.1.19388 (Mackerras) ; 
Yaouk, 3,500 ft. (Taylor). A.C.T.: Blundell’s, 19.i.1935 (Fuller), 22.1.1935 (Tonnoir). 

P. rubidus, nov. is to be separated from all other species by its decidedly bright 
reddish appearance, especially when alive. Some specimens of P. simplex, nov. may be 
confused with it, but that species is typically of a fawn colour and differs in genitalia 
and other characteis listed below. P. rubidus, nov. was abundant at Blackheath. The 
females were feeding on the flowers of a small species of Leptospermum growing on 
steep Swampy ground, which descended abruptly to a small creek. The males were 
taken feeding on the flowers, ov, more often, hovering in the air above the bushes. 
Occasionally females were also seen hovering, and very rarely a specimen was seen in 
the lower part of the swamp away from the flowers. Southern specimens were captured 
feeding on the flowers of a much larger species of Leptospermum. 

The holotype male and allotype female of the typical form, from Blackheath, 1.i11.1926, 
and the var. avittatus, from Alpine Ck., 9.1.1938, have been lodged in the Macleay Museum, 
University of Sydney. 

. PELECORHYNCHUS SIMPLEX, Nl. Sp. 

A greyish-tawn species. Scutum with narrow, dark brown dorso-central lines, inter- 
rupted at the suture; wings with an indistinct darker patch at the apices of the basal 
cells; abdomen without dark median vitta, and with the dark fasciae indented at the 
middle. 

6, °. Antennae reddish-brown, base of third segment paler, basal segments and tip 
ot third darker. Eyes contiguous in male, separated in female by about two-thirds of the 
frons length. Frons of female dull fawn, with black hairs. Face light fawn, with mainly 
black hairs; paratacials paler, with creamy hairs. Ruff cream. 

Seutum olive-brown, with very dark brown dorso-central lines, which are widely 
interrupted at the suture. Hairs of disc dark, mixed at margins with fawn; supra-alar 
zone dull red, with paler reflections. Scutellum olive-brown, with black hairs; infra- 
scuteliar tuft dull orange-red, with paler reflections. Post-mesopleural prominence 
fawn, with light fawn hairs; post-mesopleural tuft white; squamal tuft creamy-yellow. 
Legs bright brown, but lacking the chestnut hue of P. rubidus, nov. Wings lightly 
infuseated, veins lacking the flavid tint of P. rubidus, nov. There is a somewhat 
indefinite but easily seen darker patch extending backwards from the bifurcation of Rs 
and covering the distal ends of both basal cells. 

Abdomen with fawn to greyish pale fasciae and narrower brownish-black fasciae 
which are deeply indented at the middle. There is no black median vitta, but the ground 
colour in this position is of a different shade from the rest, so that the position occupied 
by the vitta in other species is clearly defined. Hairs on the disc black on the darker 
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fasciae and median area, orange on the pale fasciae; marginal hairs mixed black and 
orange, sometimes with a reddish hue; fringe at apices of tergites orange to orange-red. 
Venter pale grey; fringe to sternites creamy-yellow and inconspicuous. 

db hypopygium (Text-fig. 60): The ninth tergite is short and broad, otherwise it and 
the eighth sternite are similar to P. rubidus, nov. The gonocoxite is normal, its dorsal 
lobe fairly narrow. The style has a relatively large intermediate lobe. The distal part 
ot the aedeagus is slightly longer than its basal struts; the hooks are heavily chitinized, 
strongly upturned, and somewhat laterally directed at the tip; they resemble most those 
ot P. occidens Hardy, but are shorter and stouter; the strong chitinization forms a zone 
marking the hooks off completely from the basal part of the aedeagus. 

Length: 15 to 16 mm. 

A male and female from Mt. Kosciusko lack the dark dorso-central lines, and the 
dark mark on the wing is very faint. In many respects they are intermediate between 
P. simplex, nov. and P. rubidus, nov., but their general facies is not reddish and the 
genitalia of the male are the same as in P. simplex, nov. 

Distribution—New South Wales: Alpine Creek, near Kiandra, 2.1.1932 (Willings), 
22.xii.1933 (Mackerras); Rules Point, near Kiandra, 23.xii.1933 (Mackerras); Mt. 
Kosciusko, 27.xii.1924 (Goldfinch). 

P. simplex, nov. is typically quite distinct from P. rubidus, nov., but both are 
variable, and some females may be difficult to allot with certainty. The general fawn 
colour, indentation of the dark abdominal fasciae, and the absence of a conspicuous 
reddish fringe to the abdominal sternites should be adequate diagnostic characters. The 
male genitalia are entirely different. This species has been taken on low shrubs and 
herbage in small swamps. 

The holotype male, from Alpine Creek (Willings) and the allotype female, from 
Rules Point, have been placed in the Macleay Museum, University of Sydney. 


PELECORHYNCHUS SIMPLISSIMUS, DN. Sp. 

A rather long-bodied, dark fawn species, with a small head and relatively indefinite 
abdominal fasciae. : 

9. Antennae reddish-brown. Eyes separated by about the length of the frons, which 
is dull fawnish-brown, with black hairs. Face slightly darker, with mixed black and 
cream hairs; parafacials rather paler, with cream hairs. Ruff dull cream. 

Scutum dull brownish-fawn, with complete grey dorso-central lines, which widen 
and become indefinite in front of the scutellum; there is a rather indefinite, discon- 
tinuous, darker line bordering the dorso-central lines medially in the presutural and 
postsutural areas. Hairs of disc mainly black, with a small admixture of gold in the 
supra-alar zone and a definite pale cream post-alar tuft. Scutellum greyish-fawn; infra- 
scutellar tuft bright gold. Post-mesopleural prominence dark fawn, with yellowish-fawn 
hairs; post-mesopleural tuft pale cream; squamal tuft almost white. Legs light orange- 
brown. Wings lightly infuscated; all veins orange, giving the wing a rather flavid 
appearance like that of P. rubidus, nov. 

Abdomen dull greyish-fawn, with brown fasciae which fade into the paler colour, 
and an indefinite brownish median vitta. Hairs of disc mainly black; lateral margins 
with a zone of pale golden hairs. Venter pale grey tinged with fawn; apices of the 
sternites with mixed black and pale gold hairs, which do not form a distinct fringe. 

Length: 15 mm. 

Distribution —New South Wales: Barrington Tops, 13.xii.1921 (Goldfinch). 

The narrow head and relatively long body of this species are reminiscent of some 
of the primitive Stratiomyiidae. It is probably most nearly related to P. simplex, nov., 
but is distinguished by its general dull colouration, inconspicuous markings, and 
complete absence of reddish hairs. 

The unique holotype female has been lodged in the Macleay Museum, University of 
Sydney. 

The fulvus group. 
PELECORHYNCHUS FULVUS Ricardo. Pl. i, fig. 5. 
Pelecorhynchus fulvus Ricardo, 1910, p. 406; Taylor, 1919, p. 41; Hardy, 1920, p. 38; 

Ferguson, 1921a, p. 2; Hardy, 1922, p. 196, pl. xxxvi, fig. 3: Surcouf, 1921a@, p. 221, 
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19216, p. 111; Tillyard, 1926, p. 359, pl. xx, fig. 20; Emderlein, 1925, p. 262; Hardy, 

1940, p. 486. 

A medium-sized, relatively narrow-bodied, predominantly orange, dimorphic species. 
Median area of thorax orange, sublateral areas black. Wings orange, infuscated apically 
with black; legs black, with yellow tarsi. Abdomen of ¢ black; of 9 orange, with black 
vittae. 

6. Antennae black. Eyes separated by the length of the frons, a most unusual 
character. Frons and face shining black, with some hoary tomentum and black hairs; 
parafacials creamy, with white hairs. Ruff greyish, rather sparse. 

Scutum with sublateral areas black, with black hairs; median area bright orange, 
with golden hairs; dorso-central lines continuous, pale yellow, bordered laterally by a 
narrow orange zone. There is a short black line on each side of the mid-line anteriorly, 
and a similar pair of lines posteriorly, the latter often being confluent in front of the 
scutellum, which is dull yellow in colour, and has a broad median and narrower lateral 
black stripes. Marginal hairs of scutum black, mixed with silvery-white; supra-alar zone 
and post-alar tuft silvery-white; infra-scutellar tuft black in its middle third, silvery- 
white laterally. Pleurae black, with mixed black and grey hairs on the post-mesopleural 
prominence, and silvery-white post-mesopleural and squamal tufts. Legs black, with 
bright yellow tarsi. Wings orange, suffused with black apically and anteriorly beyond 
the bifurcation of Rs, with the exception of the greater part of cell R,, which is pale 
yellowish and appears almost white by contrast with the rest of the wing. Similar but 
less definite pale areas occur in the distal cells bounded by the branches of M. 

Abdomen shining black, with a pair of indefinite paler areas and zones of white 
hairs on the basal visible tergite. Hairs of disc black; marginal hairs white, except 
towards the apices, where they are more or less replaced by black. 

6 hypopygium (Text-fig. 61): The ninth tergite is broader than long, with its distal 
edge gently concave; the ninth sternite is large, and without thumb-like projections 
distally. The dorsal lobe of the gonocoxite is greatly expanded, and forms a flattened 
shield, of which the distal edge is straight and at right angles to the medial edge. The 
lateral lobe of the style is long and bluntly pointed, the medial lobe is shorter, broader, 
and rounded distally, while the intermediate lobe is very small and rounded. The 
aedeagus is of normal width, but the hooks are more acuminate than in other groups 
and but slightly upturned, while the space between them is linear. The ninth sternite 
is exceptional, in that it projects distally as a prominent, rounded, median lobe, a 
character which is shared with P. mirabilis Tayl. 

Length: 12 mm. 

9. Differs from the ¢ in its larger size, in having some brown tomentum on the 
frons and face, in the slightly greater separation of the eyes, in the richer colour 
of the median area of the scutum, in the less prominent black cloud in the distal part 
of the wing, and especially in the abdominal markings. The dorsum is covered with 
rich orange tomentum, with conspicuous black side margins and a black median vitta, 
which fades on the fourth visible tergite; the venter is shining black as in the male. 

Length: 14 to 15 mm. 

Distribution—Victoria: Type 9, Victorian Alps; type dg, Bright (H. W. Davey). 
New South Wales: Uralla, no date; Capertee, no date (Armstrong and Carter); Mt. 
Bindo, nr. Hampton, 4,100 ft., no date (Tillyard); Blue Mts., i.1922 (Deuquet) ; 
Wentworth Falls, 14.xii.1924 (Harrison), 11.xii.1931 (Taylor); Mittagong, 26.xi.1904 
(Froggatt), 13 and 16.xi.1924 (Goldfinch); Sutherland, nr. Sydney, no date; Tinderry 
Range, 1.1.1938 (Kipps); Queanbeyan R., nr. Mt. Tinderry, 2.i.1938 (Mackerras) ; Sawpit 
Ck., Mt. Kosciusko, 4,000 ft., 11.xii.1931 (Tillyard); Diggers Ck., Mt. Kosciusko, 5,000 ft., 
23.1.1929 (Tillyard). A.C.T.: Blundell’s, 28.xi.1930 (Graham). 

This very distinct species is easily recognized by its thoracic and wing markings. 
It has been taken feeding on flowers of Leptospermum spp. It is difficult to see, as it 
frequents the tops of higher bushes, its movements being relatively sluggish. It bears 
when alive a really extraordinary resemblance to some of the common orange-coloured 
beetles, and certainly forms a member of that association which has been referred to by 
Nicholson (1927) as the Metriorhynchus complex. 


G 
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PELECORHYNCHUS MIRABILIS Taylor. 
Pelecorhynchus mirabilis Taylor, 1917, p. 5138; Hardy, 1920, p. 36; Enderlein, 1925, p. 262; 

Hardy, 1940, p. 486. 

A very small, dimorphic species. Thorax brown to black, with complete pale dorso- 
central lines; legs dark, with yellow knees and tarsi. Wings spotted. Abdomen of ¢ 
black, with grey maculae; of 2 orange, with black vittae. 

3. Antennae with basal segment black, second creamy-yellow, third orange, darkened 
at the tip. Eyes separated by about two-thirds of the length of the frons. Frons greyish, 
with a brown patch on either side around the antennae, and a black mark in the mid-line 
above the antennae; hairs black. Face with brown and grey tomentum and black hairs; 
paratacials greyish-white, with fine white hairs; ruff white. 

Scutum brown, with complete, prominent, grey dorso-central lines and extensive 
brownish-black markings. The median area is almost entirely blackish, except for a 
narrow zone on each side, and a median brown vitta, which is broadest anteriorly, and 
tapers to a point in the posterior third of the scutum. The sublateral areas contain 
large, elongate, brownish-black patches. Hairs of disc black, mixed at margins with 
white hairs; supra-alar zone and post-alar tuft white. Scutellum black in centre, greyish- 
yellow laterally; infra-scutellar tuft black in centre, white laterally. Post-mesopleural 
prominence black, with dark hairs; tufts on pleurae greyish-white, except the post- 
spiracular tuft, which is pure white. Legs with the femora and hind tibiae black; fore 
and mid tibiae brown, paler ventrally; knees and tarsi of all legs bright yellow. Wings 
smoky, tinged with yellow anteriorly. There are several greyish-brown patches, which 
are sometimes rather indefinite. One extends irregularly backwards from the bifurcation 
of Rs to Cu,, a second surrounds the distal end of the discal cell, and a third covers the 
bifurcation of R,,;, while the apical part of the radial field distal to the tip of R, is 
diffusely clouded. 

Abdomen covered with dark brown, almost black tomentum; first four visible 
tergites with paired, yellowish-grey, semilunar patches. Hairs of disc predominantly 
black; apical fringe of the tergites partly pale gold; marginal zone of hairs white. 
Venter bare, shining, black. 

&d hypopygium (Text-fig. 62): The genitalia are unusually large and prominent 
relative to the size of the insect. The ninth tergite is bulbous, as wide as long, but 
somewhat narrower distally; its distal edge is incised laterally and broadly lobed in 
the middle. The eighth sternite is large, and is remarkable in that its distal edge is 
transverse, while there is a short process on each side of the very shallow cleft. The 
clasping organs are generally similar to those of P. fulvuws Ric., but the medial lobe of 
the style is much longer and more slender, while the intermediate lobe is markedly larger. 
The aedeagus is extraordinarily broadened, but is of the fulvus type, and the distal 
bulging of the ninth sternite is equally well marked. 

Length: 10 to 11 mm. 

9. Larger than the g. Hyes separated by about the length of the frons. Frons and 
parafacials more yellowish. The blackish markings on the scutum are less extensive, 
particularly in the sublateral areas, which gives the ground colour of the thorax a more 
brownish appearance; dorso-central lines more yellowish. Legs paler than in the male. 
Abdomen rich orange, with black side margins and a median black vitta, which is inter- 
rupted at the posterior margin of each tergite and disappears on the fourth visible 
tergite. 

Length: 12 to 13 mm. 

Distribution — Queensland: Types from Stradbroke I. and Brisbane; specimens from 
Stradbroke I. are dated vii and ix.1891, 2.x.1911, 17.ix.1915; and ix.1926 (Mackerras). 
New South Wales: Richmond R., x.1922 (Burns). 

P. mirabilis Tayl. is the smallest and one of the most distinct of the known species. 
The wing markings and the abdomen of the male suggest an affinity with the personatus 
group, but all other characters indicate relationship with P. fulvus Ric. It was fairly 
common near Dunwich, on Stradbroke I., in September. The females were taken feeding 
on the flowers of Leptospermum flavescens, on which, like P. fulvus Ric., they usually 
selected the tops of the bushes, and were consequently difficult to capture. The males 
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also frequented the flowers, but lay hidden in the bush and were rarely seen, although 
a good many were captured by sweeping over-the bushes. 


PELECORHYNCHUS DISTINCTUS Taylor. 
Pelecorhynchus distinctus Taylor, 1918, p. 53; Hardy, 1920, p. 38, pl. ix, fig. 5; 

1921a, p. 221; Enderlein, 1925, p. 262; Hardy, 1940, p. 486. 

A large, ornate, dimorphic species. Thorax black, with yellow dorso-central lines. 
Wings yellowish, with two black patches. Legs black or bright brown, and yellow. 
Abdomen shining black in @; orange, with a median black vitta in 9. 

od. Antennae bright orange, basal segments black. Eyes closely approximated, but 
not quite touching. Frons with dull yellow tomentum and black hairs. Face with 
yellowish tomentum; there is a large, bare, shining patch on each side, between which 
is a narrow, dark brown, median line, and below which is a large median patch of dark 
brown tomentum; hairs dark. Parafacials creamy, with white hairs. Ruff white. 

Scutum velvety black, with conspicuous, broad, complete, yellow dorso-central lines, 
which are paler towards their centres; there is a zone of yellowish tomentum’ at each 
lateral margin; marginal hairs ail black. Scutellum black in centre, yellow at margins, 
corresponding to the markings of the median area of the scutum; infra-scutellar tuft 
black in centre, white laterally. Pleurae black; post-mesopleural prominence with dark 
brown hairs; post-mesopleural and squamal tufts white. Legs with all femora and hind 
tibiae black to deep brown; fore and mid tibiae and all tarsi yellow. Wings rich orange 
anteriorly, more greyish-yellow posteriorly, with a smoky zone along the posterior border. 
There are two large, dark brown patches; one extends from near the base of the wing 
to a point a little distal to r-m, involving both basal cells almost completely and a 
portion of cell Cu.; the second occupies the entire radial field from the apex of R, to a 
point a little distal to the bifurcation of R,,;. 

Abdomen shining black, dorsally and ventrally; hairs at base and along sides of 
second and third visible tergites white, also a white patch at base ventrally, remainder 
black. 

6 hypopygium: These structures have been illustrated in detail (Text-figs. 18-23). 
The ninth tergite and eighth sternite are short and broad, and the distal edge of the 
former is evenly concave. The dorsal lobe of the gonocoxite is expanded to form a large 
hood, as in the other members of the group; the style is like that of P. fulvus Ric., 
except that the lateral lobe is straighter and more pointed, and the intermediate lobe 
is rather larger and underlies the medial lobe. The aedeagus and the evenly concave 
distal edge of the ninth sternite are of the type normal to the genus, and the hooks of 
the former are markedly upcurved. 

Length: 14 mm. 

9. Larger than the ¢. The frons is slightly wider than long, and is tinged with 
orange on either side of the mid-line; the markings of the face are rich brown, and the 
facial hairs are short and relatively sparse. All femora and the hind tibiae are bright 
brown, but the remaining segments are similar to the ¢. The dorsum of the abdomen is 
covered with bright orange tomentum, except the margins, which are bare and of a bright 
brown colour; there is a broad, complete median, black to deep chocolate brown vitta, 
which is wider than in the allied species; venter bare, shining, brown. 

Length: 15 to 16 mm. 

Distribution—New South Wales: Dorrigo, no date (holotype @); Barrington Tops, 
7.11.1925 (S.U. Zool. Exped.), numerous specimens of both sexes. 

P. distinctus Tayl. is a very handsome species, which cannot be confused with any 
other. It is most nearly related to P. fulvus Ric., but it is less specialized, particularly 
in the characters of the aedeagus. It was abundant at Barrington Tops, where females 
were taken feeding on the flowers of Leptospermum sp., while the males were captured 
either feeding or hovering over the flower patch. It is exceedingly active and wary, and 
when alive has a decidedly wasp-like appearance. 

As the male has not been described previously, the allotype has been selected from 
the Barrington Tops series and lodged in the Macleay Museum, University of Sydney. 


Surcouf, 
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The fusconiger group. 
; PELECORHYNCHUS FUSCONIGER (Walker). PI. i, fig. 6. 
Silvius? fusconiger Walker, 1848, p. 192.—Dasybasis fusconiger Walker, 1854, p. 267.— 

Pelecorhynchus fusconiger (Walk.), Ricardo, 1900, p. 102, 1910, p. 407; Froggatt, 1911, 

p. 9; Hardy, 1915, p. 60, 1916, p, 270, 1917, p. 63; Taylor, 1917, p. 513, 1918, p. 55: 

Hardy, 1920, p. 37; Ferguson, 1921a, p. 2, 19216, p. 368; Surcouf, 1921a, p. 221, 1921b, 

p. 111; Hnderlein, 1925, p. 262; Hardy, 1933, p. 412. 

A stout-bodied, dull coloured species, with brown scutum, black abdomen, lightly 
intuscated yellowish-grey wings, and devoid of red hairs on any part of the body except 
occasionally the supra-alar zone. Includes three subspecies and a variety. 

3, 2. Typical form: Basal segments of antennae dark brown, third segment tawny, 
darkening to black at the tip. Hyes contiguous in male, separated in female by about 
half the length of the frons. Frons with velvety, brown tomentum and short, sparse 
black hairs; face with olive-brown tomentum and black hairs, which are sometimes 
mixed with some creamy ones; parafacials olive-brown, with fine creamy-yellow hairs. 
Ruff creamy at base, yellowish on distal half. 

Scutum nearly as broad as long, covered with velvety brown tomentum, which pales 
in the mid-line to form a narrow, very inconspicuous vitta, and darkens at the dorso- 
central lines to give them an indefinite border. The dorso-central lines are dull grey, 
inconspicuous, and widen out at and disappear behind the suture, which is also grey; 
this wider part is paler than the rest of the line, and may form a fairly obvious spot. 
Scutal hairs black; margins with denser, longer, black hairs mixed with creamy ones; 
supra-alar zone orange-yellow, with brown base. Infra-scutellar tuft black to dark grey 
in the centre, with a variable amount of creamy-yellow at the sides. Post-mesopleural 


Text-figs. 61-62.—Male hypopygia of fulvuws group. 61. P. fulvus Rie. 62. P. mirabilis Tayl. 
Text-figs. 63-66.—Male hypopygia of fuwsconiger group. 63. P. fusconiger Walk. 64. P. 
lineatus, n. sp. (distal parts only). 65. P. fascipennis, n. sp. 66. P. tillyardi Tayl. 
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prominence with dull yellowish-brown hairs mixed with black; post-mesopleural tuft 
creamy at base, becoming dull yellowish on distal half; squamal tuft white. Femora of 
fore and mid legs black, remaining segments brown; hind legs entirely black. Wings 
grey; veins orange-yellow, giving the wing a yellowish tint, especially anteriorly. 

Abdomen shining black, the tergites with black hairs; the fourth and fifth visible 
tergites bear in addition a considerable number of pale hairs, which in the male are 
very conspicuous in certain lights. Lateral margins with dense black hairs, which are 
interrupted at the edges of the second and third visible segments by narrow zones of 
white, and at the edge of the fourth visible segment by a broader, more creamy zone. 

d hypopygium (Text-fig. 63): Members of the series, of which this species is the 
type, resemble each other in the following points: the ninth tergite is not deeply 
excavated distally, and the distal edge of the eighth sternite is not produced into a 
pair of thumb-like processes; the dorsal lobe of the gonocoxite is produced to form a 
strong, pointed, spine-like process; the style resembles a parrot’s beak, the lateral lobe 
being short, curved, and pointed, and the medial lobe large and rounded, while the inter- 
mediate lobe is partly amalgamated with the medial; the aedeagus bears stout, strongly 
curved hooks, the spine on their medial side is well developed, and the space basal to 
the spines is expanded. In P. fusconiger Walk. the ninth tergite is distinctly longer 
than wide, the lateral lobe of the style is very short and the medial is large and rounded, 
and the hooks of the aedeagus are moderately stout. The genitalia of the subspecies and 
variety described below are similar, but there is some variation in the relative develop- 
ment of the lobes of the style and in the strength and curvature of the hooks of the 
aedeagus. 

Length: 16 to 18 mm. 

Three subspecies and a variety are recognized, as they show differences which, though 
not of specific value, are constant over large series of specimens. 


P. FUSCONIGER FUSCONIGER (Walk.). 

This is the typical form described-above. Its special characteristics are: the brown 
antennae, the narrow frons of the female, black hairs on the face, very inconspicuous 
scutal markings, creamy or dull yellow ruff and hair tufts, brown fore and mid tibiae 
and tarsi, and rather flavid tint of the anterior part of the wing. 

Distribution.—New South Wales: Between Sydney, N.S.W., and Moreton Bay, Qd. 
(Ricardo), type locality; Port Stephens (Froggatt); Barrington Tops, 7.i1.1925 (S.U. 
Zool. Exped.); La Perouse, Sydney, 12 and 19.x.1919 (Hardy); Killara, Sydney, 27.x.1934 
(D. F. Waterhouse); Woodford, 7 to 30.xi.1925 and 1926 (Nicholson and Mackerras) ; 
Wentworth Falls, 11.xii.1926 (Mackerras), 11.xii.1931 (Taylor); Blackheath, 12 to 
24.xi.1919 (Hardy), and 24.xii.1921 (Ferguson). 


P. FUSCONIGER Var. RUFIBASIS, nN. var. 


_ Differs from all others in having a rich, orange-red supra-alar tuft. In most other 
respects it resembles the typical form, but approaches the alpinensis subspecies in the 
relatively wide frons. - 

Distribution—New South Wales: Yarrangobilly, 28.1.1935 (Fuller); Ulladulla, no 
date (Taylor). A.C.T.: Blundell’s, 19.1.1935 (Fuller), 22.14.1935 (Rafferty), 25.xii.1937 
(Kipps). Victoria: Mt. Buffalo (noted by Ferguson, 1921, and almost certainly referable 
here). 

P. FUSCONIGER ALPINENSIS, nN. subsp. 

Antennae black; frons of female almost as wide as long; the face with pale yellowish- 
fawn hairs, without admixture of black hairs; the scutum has a dark median line, the 
dark borders to the dorso-central lines are more conspicuous than in the typical form, 
and the hairs of the lateral margins are almost entirely dull orange-yellow. The legs 
are entirely black, and the wing is more greyish, almost completely lacking the flavid 
tint. The pale abdominal hairs are duller in colour and less conspicuous than in the 
typical form. 

Distribution—New South Wales: Mt. Tinderry, 1.i1.1938 (Kipps); Alpine Ck., near 
Kiandra, 2.i.1932 (Willings), 22.xii.1933 and 1.1.1934 (Mackerras), 26.1.1935 (Fuller and 
Campbell), 24.xii.1935 (Fuller), 8.11938 (Mackerras); Rules Point, 23.xii.1933 
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(Mackerras); Yarrangobilly, 28.1.1935 (Fuller); Mt. Kosciusko, 4,500 ft., 31.x1i.1933 
(Mackerras). Tasmania: Ulverstone (Lea); Burnie (Ferguson); Wynyard, 21.1.1915 
(Hardy). (Note: We have not seen the Tasmanian specimens recently, and cannot be 
positive that they are correctly placed in this subspecies, but we believe that they are.) 


P. FUSCONIGER FERGUSONI Hardy. 
Pelecorhynchus fergusoni Hardy, 1939, p. 41. 

Less stoutly built and slightly smaller than the other subspecies. Ruff, post- 
mesopleural tuft and hairs at sides of scutum bright canary-yellow, rather than creamy 
or dull yellow. Scutum dark slaty-grey, with darker, brownish patches; dorso-central 
lines relatively conspicuous, grey bordered with brown; scutellum uniformly dark slaty- 
grey. Pale hairs at sides of abdomen continuous rather than in patches. Antennae, 
frons of female, face, legs, and wings as in typical subspecies. 

Distribution. Queensland: Stradbroke I., 2.x.1911 (Hacker), 17.ix.1915 (Hacker), 
ix.1926 (Mackerras); Sunnybank, near Brisbane, ix.1926 and ix.1927 (Hardy). New 
South Wales: Ballina, 6.x.1922 (Ferguson). 

P. fusconiger Walk. is the most abundant and widely distributed, and at the same 
time the least distinctive of the Australian species. It is to be separated from its allies 
by the complete absence of red hairs in the ruff, the pleural tufts, and the abdomen. In 
the warmer and more low-lying parts of its range it is on the wing in the spring, but 
appears later as the climate becomes cooler, until, in Tasmania and on the mountain 
tops, it is a characteristic midsummer species. Females are usually captured feeding 
on the flowers of Leptospermum spp. They do not appear to be so restricted in feeding 
habits as some of the other species, but visit almost any species of Leptospermum that 
is in bloom at the time they are active. They move rather sluggishly on the flowers, but 
are very quick to take flight if disturbed. Males may be taken feeding, but are seen 
more frequently hovering over sunny patches of grass or rock, or over damp situations 
where there is considerable soakage. When hovering in the sun, the pale hairs of the 
abdomen are very conspicuous, often giving the appearance of a brilliant white or 
creamy fascia. When there is much wind or the day is dull, occasional specimens may 
be taken sheltering under ledges of rock or resting on low foliage. 

The types of the new subspecies and variety have been lodged in the Macleay 
Museum, University of Sydney, the selected specimens being: var. rufibasis, holotype 4, 
Yarrangobilly, 28.i.1925, allotype 9, Blundell’s, 19.i.1935; subsp. alpinensis, holotype Q. 
and allotype 9, Alpine Creek, 8.i1.1938. 


PELECORHYNCHUS NERO, 0. SD. 


An obscure species, with brown thorax, black abdomen, and yellow-tinged wings. 
The ruff and post-mesopleural tuft are reddish, and the abdomen bears small lateral 
patches of white hair. 

3, 2. Antennae deep brown, darkening at the tip. Eyes contiguous in the male, 
separated by about half the frons length in the female. Frons and face with brown 
tomentum; frons with very short black hairs, face with long black and red to russet 
hairs. Parafacials creamy, with pale reddish hair. Ruff a rusty red. 

Scutum with brown tomentum; dorso-central lines fairly prominent, light brown 
bordered laterally by dark brown, greyish at the sutural spot, and extending posteriorly 
nearly to the scutellum. Scutal hairs black, mixed with brown anteriorly and with red 
posteriorly; margins with red hairs, densest above the wing root, and mixed with some 
black hairs anteriorly. Scutellum brown; infra-scutellar tuft black in centre, red at 
sides. Hairs of post-mesopleural prominence russet, mixed with some black; post- 
mesopleural tuft rusty red. Legs black, fore tibiae and tarsi with a brownish tint. 
Wings evenly infuscated with greyish-brown, with a slight yellowish tinge anteriorly. 

Abdomen shining black, with black hairs on most of the disc and some white ones 
posteriorly; lateral margins with dense black hairs, two small patches of white, and 
some white hairs at the side of the fourth visible segment. Hypopygium of male 
identical with that of P. fusconiger Walk. 

Length: 15 to 16 mm. 

Distribution—New South Wales: Barrington Tops, 7.ii.1925 (S.U. Zool. Exped.). 
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P, nero, nov. combines in a curious fashion a number of the characteristics of other 
species of the series. Its abdomen is like P. fusconiger Walk., and the dorso-central 
lines approach that species rather closely; in scutal and wing ornamentation it resembles 
P. claripennis Ric., while the ruff and pleural adornment correspond to P. nebulosus, nov. 
It may be distinguished from all by the combination of red ruff and post-mesopleural 
tuft with white patches of hair on the abdomen and uniformly clouded wings. It was 
taken feeding on Leptospermum sp. 

The holotype male and allotype female have been lodged in the Macleay Museum, 
University of Sydney. 


PELECORHYNCHUS CLARIPENNIS Ricardo. 
Pelecorhynchus claripennis Ricardo, 1910, p. 408; Hardy, 1920, p. 37; Ferguson, 1921a, 

p. 2; Surcouf, 1921a, p. 221, Surcouf, 19216, p. 111; Enderlein, 1925, p. 262. 

A stout species, with brown thorax, reddish-black abdomen, and lightly infuscated 
wings. The ruff is yellow, post-mesopleural tuft pale cream, and the infra-scutellar tuft 
and lateral abdominal hairs are red. 

6, 9. Antennae brown, darkening to black at the tip. Eyes contiguous in the male, 
separated by rather more than half the frons length in the female. Frons and face 
brown, with black hairs, on the face mixed with some russet hairs. Parafacials creamy, 
with russet hairs. Ruff dull yellow. 

Scutum with brown tomentum, slightly lighter in the centre, and darker bordering 
the dorso-central lines, which are very inconspicuous, and end posteriorly in a some- 
what clearer spot at the suture. Scutal hairs black, mixed with brown anteriorly and 
with red posteriorly; margins with black hairs, mixed with some red, which predominate 
and form.a conspicuous patch of colour above the wing root. Scutellum brown; infra- 
scutellar tuft crimson. Post-mesopleural prominence with russet and black hairs; post- 
mesopleural tuft pale cream to white. Legs entirely brown, the hind legs somewhat 
darker. Wings uniformly and lightly infuscated, some specimens with a yellow tint 
anteriorly. 

Abdomen black, the tergites with black and red hairs, which give the dorsum a 
reddish-black appearance to the naked eye. Lateral margins with rich red hairs, 
and a small patch of white at the side of the second visible segment; the red colour 
is particularly striking in the male. Apices of visible tergites 3 and 4 with red and 
black hairs. 

3 hypopygium: Differs from P. fusconiger Walk. in that the ninth tergite is shorter, 
broader, and more concave distally; also the hooks of the aedeagus are more back- 
turned and somewhat laterally directed at the tip, and the space between them is wider. 

Length: 15 mm. 

Distribution.—Victoria: Dandenong Ranges, no date (type locality); Warburton, 
15.xii.1918 (Ferguson). New South Wales: Woodford, 14.xi.1926 (Mackerras); Went- 
worth Falls, 14 and 21.xii.1923 (Nicholson), 17.xii.1921 (Ferguson), 11.xii.1931 (Taylor) ; 
Blackheath, 13.xi.1919 (Ferguson); Alpine Ck., near Kiandra, 2.1.1932 (Willings), 
26.1.1935 (Campbell), 8.1.1938 (Mackerras); Mt. Kosciusko, over 6,000 ft., 20.1.1924 
(Mitchell). 

This species is to be distinguished from P. fusconiger Walk. by its red infra-scutellar 
and abdominal hairs, and from P. nero, nov. and P. nebulosus, nov. by the yellow ruff 
and creamy post-mesopleural tuft. Other differences will be found under those species. 
P. claripennis Ric. was described from Victoria, but it is not uncommon in the Blue 
Mts. and near Kiandra. Its habits are similar to those of P. fusconiger Walk., but it is 
much less common and appears rather later in the season. 

The allotype male, this sex not having been previously described, from Wentworth 
Falls, 21.xii.1923, has been lodged in the Macleay Museum, University of Sydney. 


PELECORHYNCHUS NEBULOSUS, N. SD. 
Pelecorhynchus fusconiger Walker, var. Hardy, 1920, p. 37. 
A dark species, with rich brown scutum, black abdomen, and wings distinctly 
clouded with yellow and grey; ruff russet, post-mesopleural tuft very dark, lateral 
abdominal hairs red. 
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3, 9. Antennae bright brown, darker towards the tip. Eyes contiguous in male, 
separated by rather more than half the frons length in the female. Frons and face 
with brown tomentum; frons with short, brown hairs, face with mixed black and russet 
to yellow hairs. Parafacials creamy, with golden to orange hairs. Ruff bright rufous, 
in some specimens orange at base. 

Secutum with rich, dark brown, velvety tomentum. Dorso-central lines inconspicuous, 
brown bordered with black, and disappearing some distance behind the suture. Scutal 
hairs brown, with a strong admixture of longer, red hairs posteriorly; margins with 
dense, dark red and black hairs, more definitely red above the wing roots. Scutellum 
brown; infra-scutellar tuft black to steel-grey. Post-mesopleural prominence with black 
and russet hairs; post-mesopleural tuft with dark rufous and black hairs, in some 
specimens the rufous predominating, in others the black. Fore and mid legs brown to 
dark brown, the femora darker than the other segments; hind legs uniformly very deep 
brown to black. Wings evenly suffused with yellow, with two faint irregular smoky 
patches, the distal one extending from the apex of R, to the apex of R., and the other 
more or less covering the basal cells. Veins orange-brown. 

Abdomen black; tergites with black hair; lateral margins with rich red hair, which 
extends medially onto the distal edges of the segments. In some specimens the marginal 
hairs are largely black, and the red restricted to small patches. 

do hypopygium: The ninth tergite resembles that of P. fusconiger Walk.; in all other 
respects it closely resembles P. lineatus, nov. (Text-fig. 64). The dorsal spine of the 
gonocoxite is relatively short, and is rounded apically; the medial lobe of the style is 
markedly less developed than in the preceding species of the series; and the hooks of 
the aedeagus are slender and not so strongly upcurved. 

Length: 16 mm. 

Distribution—New South Wales: Woodford, 30.xi.1925 (Mackerras); Wentworth 
Falls, 17.xii.1921 (Ferguson), 14.xii.1923 (Harrison), 21.xii.1923 (Nicholson), 11.xii.1926 
(Mackerras), 11.xii.1931 (Taylor); Blackheath, 13.xi.1919 (Ferguson); Blue Mts., i.1922 
(Deuquet). 

The markings of the wings and the blackish infra-scutellar tuft will distinguish this 
species from its allies. In addition, the red ruff and red to black post-mesopleural tuft 
will separate it from P. claripennis Ric., and the red lateral abdominal hairs from 
P. nero, nov. So tar P. nebulosus, nov. is only known from the Blue Mts. At Wentworth 
Falls it is fairly common in December, but appears to have a very short season, and 
may easily be missed. One very windy and somewhat bleak day at this locality, a number 
of specimens was seen sheltering under an overhanging ledge of rock some twelve feet 
above a small creek. More usually they are taken when feeding on Leptospermum 
flavescens Sm. 

The holotype male and allotype female, from Wentworth Falls, 11.xii.1926, have been 
lodged in the Macleay Museum, University of Sydney. 


PELECORHYNCHUS LINEATUS, N. Sp. 


A stout, black species, with complete, conspicuous, creamy dorso-central lines. Wings 
strongly tinged with yellow. Tibiae and tarsi flavid. 

do, 9. Antennae orange, darker towards the tip. Hyes contiguous in the male, 
separated by about half the frons length in the female. Frons with brown tomentum, 
in the female with two longitudinal darker brown stripes near the mid-line; hairs brown, 
mixed with a few black ones. Face brown; in the male with black and russet hairs, in 
the female with shorter, more orange hairs. Parafacials creamy, with russet to orange 
hairs. Ruff bright red, with a russet tint. 

Scutum with rich, brownish-black tomentum. Dorso-central lines brilliant, creamy 
in colour, continuous almost to the scutellum, and not widened at the suture, which is 
inconspicuous. Scutal hairs black, mixed with reddish-brown. Marginal hairs and 
supra-alar zone crimson in male, more russet-red in female. Scutellum black; infra- 
scutellar tuft black, with a narrow patch of crimson hairs laterally. Post-mesopleural 
prominence brown, with orange-russet hairs; post-mesopleural tuft black at base, rich 
crimson distally and abeve in male, russet in female. Femora of all legs dark brown to 


BY I. M. MACKERRAS AND MARY E. FULLER. 65 


black, somewhat lighter in female; remaining segments flavid. Wings ochreous, tinged 
with grey posteriorly. 

Abdomen shining black, with black hairs on disc and at sides. In the male there 
is a variable amount of red among the black hairs; it may be hardly detectable, or the 
posterior part of the margin may be predominantly red. 

3 hypopygium (Text-fig. 64): The ninth tergite is short and broad, and its distal 
edge is nearly straight. The gonocoxite and aedeagus are very like those of P. nebulosus, 
nov., but the hooks of the aedeagus are slightly shorter, the medial lobe of the style is 
slightly smaller, and the dorsal spine of the gonocoxite is a little shorter and blunter. 

Length: 13 to 14 mm. 

Distribution—New South Wales: Blue Mts., i.1922 (Deuquet); Woodford, 17.1.1926 
(Mackerras); Wentworth Falls, 11.xii.1931 (Taylor). 

P. lineatus, nov. is the most distinct of the fusconiger series by reason of its 
brilliant. dorso-central lines. From P. interruptus, nov., to which it is most nearly 
related, it is to be distinguished by the continuous dorso-central lines, the red 
pubescence, and the flavid legs. The pubescence of the other males is not so richly 
crimson as in the holotype, but it was captured shortly after emergence, resting on 
grass adjacent to a small swamp, and probably represents the more normal colouration 
ot perfectly fresh specimens. i 

The holotype male, from Woodford, and the allotype female, from Blue Mts. 
(Deuquet), have been lodged in the Macleay Museum, University of Sydney. 


PELECORHYNCHUS INTERRUPTUS, N. Sp. 


An entirely black species, with conspicuous, interrupted dorso-central lines. 

6, 2. Antennae black. Eyes contiguous in male, separated by rather more than half 
the frons width in the female. Frons and face deep brown varying to grey, with black 
hair. Parafacials pale grey, with black hair. Ruff black, mixed with a variable amount 
of grey. : 

Scutum black; dorso-central lines conspicuous, grey, with.a brownish tint anteriorly. 
These lines are continuous to the suture, where they are somewhat expanded; behind 
the suture they are interrupted for about half the post-sutural length, and then appear 
again, to expand in a pear-shaped manner in front of the scutellum. Suture 
inconspicuous. Scutal, marginal, supra-alar, infra-scutellar, and mesopleural pubescence 
entirely black; squamal tuft white. Legs entirely black, with conspicuous flavid pulvilli 
and empodia. Wings grey, distinctly darker on apical third, and with the basal two- 
thirds anteriorly suffused with bright orange. 

Abdomen entirely shining black, with black hairs. Male hypopygium identical with 
that of P. lineatus, nov. 

Length: 14 to 15 mm. 

Distribution.—New South Wales: Barrington Tops, 7.11.1925 (S.U. Zool. Exped.). 

An easily recognizable species by its entirely black colour and pubescence, and by 
the conspicuous, interrupted dorso-central lines. Several specimens of both sexes were 
taken feeding on Leptospermum sp. 

The holotype male and allotype female have been lodged in the Macleay Museum, 
University of Sydney. 

PELECORHYNCHUS FASCIPENNIS, N. Sp. 
Pelecorhynchus sp., Nicholson, 1927, p. 57, pl. ii, fig. 22. 

A wasp-like species, with rather elongate, parallel-sided, black body, and with orange- 
yellow wings, which are marked by a broad, transverse, black band. 

3, °. Basal segments of antennae black, third segment bright orange.. Eyes 
narrowly separated in the male, separated by about two-thirds of the length of the 
relatively short frons in the female. Frons and face dark grey, the frons darker, both 
with black hairs. Parafacials creamy-white, with silvery to pure white hairs. Ruff 
black, with an admixture of hoary hairs. 

Scutum dark grey, the tomentum very inconspicuous. The dorso-central lines are a 
paler grey, and, though not conspicuous, are clearly defined throughout the length of the 
secutum; parallel as far as the suture, they converge markedly posteriorly. There is 
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a median black vitta, and one on each side bordering the dorso-central lines on their 
medial aspects; at a variable distance behind the suture, these lines become confluent, 
so that the whole median area is black posteriorly. Post-sutural sublateral areas with a 
narrow brown stripe. Scutal hairs black, marginal and supra-alar pubescence hardly 
differentiated. Scutellum grey, with a broad, brownish-black, median vitta; infra- 
scutellar tuft black in middle, white at sides. Post-mesopleural prominence covered with 
velvety black tomentum, and bearing black hairs; post-mesopleural tuft greyish-white. 
Legs black, tibiae brownish towards apex, all tarsi bright orange-brown. Wings bright 
orange; base, apex, and a narrow posterior zone black, and a complete, broad, transverse 
black band across the middle of the wing. 

Abdomen shining black, with black hairs; marginal pubescence very dense, white 
to greyish in colour. 

&o hypopygium (Text-fig. 65): The ninth tergite is excavated to form a fairly deep, 
three-sided bay. The dorsal lobe of the gonocoxite forms a rounded hood. The style has 
a long, pointed lateral lobe, smaller medial lobe, and larger, rounded intermediate lobe, 
somewhat as in P. tillyardi Tayl. The aedeagus is peculiar, in that the distal part is 
more rounded than usual, and the hooks take the form of small, proximally directed 
spines; there is no spine on their medial side, and the space between the hooks is wide. 

Length: 13 to 16 mm. 

Distribution.—New South Wales: Wentworth Falls, 21.xii.1923 (Harrison), and 
11.xii.1926 (Mackerras) ; Woodford, 7.xi.1926 (Mackerras); National Park, no date. 

P. fascipennis, nov. is a striking and interesting species, which serves as a link 
between the very aberrant P. tillyardi Tayl. and the more normal forms. The very 
slight development of pubescence and tomentum is an unusual feature. It is separated 
from P. taeniatus, nov. as indicated under that species, and from P. deuqueti Hardy and 
P. flavipennis Ferg. by the banded rather than spotted wings and by- the scutal markings. ~ 
This species is a general wasp mimic, but is not especially deceptive in the field; it has 
been illustrated in colour from this point of view by Nicholson (1927). The few 
specimens taken hitherto have been captured while feeding on Leptospermum 
flavescens, Sm. but others were seen at Wentworth Falls sheltering under a high ledge 
of rock. 

The holotype ¢ from Wentworth Falls (Harrison) and the allotype 2 from Woodford 
have been lodged in the Macleay Museum, University of Sydney. 


PELECORHYNCHUS TAENIATUS, n. Sp. Pl. i, fig. 4. 


6, &. Closely allied to P. fascipennis, nov., from which it differs as follows: The 
ruff is almost entirely white. There is a considerable admixture of white hairs at the 
margin of the scutum and in the post-alar tuft, and there are a few orange supra-alar 
hairs. The femora are reddish-brown, and the tibiae and tarsi are bright orange. The 
wing lacks the dark band close to the base. The abdomen bears orange instead of 
greyish hairs. The genitalia of the two species are very similar. 

Length: 17 mm. 

Distribution—New South Wales: Alpine Creek, near Kiandra, 2.i1.1932 (Willings, ¢), 
and 26.1.1935 (Campbell, 9). 

This species was taken feeding on Leptospermum sp. The holotype male and allotype 
female have been lodged in the Macleay Museum, University of Sydney. 


PELECORHYNCHUS DEUQUETI Hardy. 


Pelecorhynchus deuqueti Hardy, 1920, p. 38, pl. ix, fig. 7; Nicholson, 1927, p. 57, pl. ii, 

fig. 16; Enderlein, 1925, p. 262; Hardy, 1940, p. 486. 

An ornate species, allied to P. fascipennis, nov. Scutum dark fawn, with yellow 
dorso-central lines and black markings; legs yellowish-brown; wings orange, black 
spotted; abdomen dark brown. 

3; 2. Basal segments of antennae black, the third segment orange. Hyes narrowly 
separated in the male, separated in the female by the length of the frons. Frons and 
tace with brown tomentum, and black hairs; parafacials silvery, with white hairs, mixed 
with a variable number of black hairs; ruff hoary. 
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Median and sublateral areas of scutum covered with dark fawn tomentum; dorso- 
central lines bright mustard-yellow, continuous to the scutellum, but widening and 
fading somewhat posteriorly; median area with a narrow black median vitta extending 
throughout its length and widening in front of the scutellum; sublateral areas divided 
by a broad, irregular, longitudinal black stripe, which is interrupted by the grey sutural 
line. Hairs of disc and margins black, the marginal and supra-alar pubescence relatively 
little developed, particularly in the female. Scutellum grey, with a broad black median 
stripe; infra-scutellar tuft black in centre, silvery to hoary at sides. Post-mesopleural 
prominence covered with conspicuous velvety black tomentum and black hairs; post- 
mesopleural tuft light grey. The remaining pleural sclerites are grey and bare, except 
the upper part of the mesepisternal area anteriorly, which is also covered with black 
tomentum. Legs entirely bright yellowish-brown, the femora being slightly darker than 
the other segments. Wings bright orange-yellow, with the posterior margin suffused 
with black, and with three series of black spots extending transversely across the distal 
half of the wing. These spots vary somewhat in different specimens, but are always 
conspicuous. 

Abdomen shining brownish-black, with bright yellowish-brown pubescence, which 
gives the whole dorsum of the abdomen a distinctly brown appearance to the naked eye; 
the marginal pubescence is fairly dense and of the same colour. Contrary to what one 
usually finds, the abdomen of the female is slightly, though distinctly, more hairy than 
that of the male. 

& hypopygium: Resembles that of P. fascipennis, nov., differing from it in the 
following respects: The ninth tergite is rather short and broad, and its distal edge is 
of the normal, gently concave form. The dorsal, hood-like lobe of the gonocoxite is 
larger and more acuminate apically; the intermediate lobe of the style is slightly larger, 
and projects a little beyond the medial lobe; the terminal hooks of the aedeagus are 
slightly larger. 

Length: 15 to 16-5 mm. 

Distribution—New South Wales: Blackheath, xii.1918 (Deuquet, type female) ; 
Wentworth Falls, 21.xii.1923 (Nicholson), 11.xii.1926 (Mackerras), and 11.xii.1931 
(Taylor); Mt. Kosciusko, no date (coll. Froggatt); Sydney, 1906 (Brown, coll. Froggatt). 

P. deuqueti Hardy is a very distinctive species, which can be confused only with 
P. flavipemnis Ferg., from which it is to be distinguished by the fawn median area of 
the scutum and other points listed under that species. It has hitherto only been taken 
feeding on Leptospermum sp. It is an active and conspicuous species, which has a 
considerable general wasp-like appearance, as noted by Nicholson (1927), who has also 
illustrated it in colour. 

The allotype male (this sex not having been previously described), from Wentworth 
Falls, 11.xii.1926, has been deposited in the Macleay Museum, University of Sydney. 


PELECORHYNCHUS FLAVIPENNIS Ferguson. 
Pelecorhynchus flavipennis, Ferguson, 1921a, p. 3, pl. i; Hardy, 1940, p. 486. 

3, 2. Closely allied to P. deuqueti Hardy, from which it is to be distinguished by 
the entirely black scutum, with conspicuous yellow dorso-central lines; by the 
bicolorous legs, the femora being black and the remaining segments flavid; and by the 
entirely black pubescence of the abdomen. The genitalia are similar in the two species, 
but the medial lobe of the style is rather larger and more rounded in P. flavipennis Ferg. 
than in P. deuqueti Hardy. 

Length: 16 mm. 

Distribution.—Victoria: Ferntree Gully, 10.xii.1904 (type ¢); Launching Place, 
21.1.1908 (type 9). New South Wales: Alpine Ck., near Kiandra, 2.i1.1932 (Willings) ; 
Diggers Ck., Mt. Kosciusko, 5,000 ft., 23.1.1929 (F. Tillyard). 

It has been taken on Leptospermum sp., and its habits are similar to those of its 
allies. 


' PELECORHYNCHUS TILLYARDI Taylor. Pl. i, fig. 7. 
Pelecorhynchus tillyardi, Taylor, 1918, p. 54; Hardy, 1920, p. 37, pl. ix, fig. 6; Surcouf, 
1921a, p. 222; Enderlein, 1925, p. 262. 
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A black, relatively slender species, with an elongate, parallel-sided abdomen. Scutum 
black, with grey median area; wings dark smoky brown. 

3, 9. Antennae with basal segments and base of third segment black, greater part 
of third segment orange-yellow, tip black. Eyes touching in male, widely separated in 
temale. Frons of female almost square, widening towards the antennae; dark grey, with 
black hairs. Face dark grey, with hoary areas and black hairs. Parafacials silvery-grey, 
with black hairs. Ruff black. 

Scutum with median area largely grey and bare, sublateral areas and markings of 
median area covered with velvety black tomentum. Dorso-central lines, narrow, complete, 
pale grey, their medial edges inconspicuous. Median area with a continuous black, 
central vitta, and a broader, short, black vitta on each side extending forward from the 
scutellum for about one-fourth of the scutal length. Scutellum black. Scutal, marginal, 
supra-alar, and infra-scutellar pubescence entirely black. Post-mesopleural hairs and 
tuft black. Squamal tuft ashy. Legs entirely black. Wings dark smoky brown, suffused 
with still darker brown on the whole length anteriorly. 

Abdomen black, with diffuse sublateral grey patches of variable extent on the first 
and second visible tergites; abdominal pubescence largely black, grey to white on the 
paler areas. Lateral margins with white hairs on the first visible segment, and with 
mixed black and white hairs on the other segments, the black completely replacing the 
white posteriorly. In one of the females, the sides of the abdomen are almost entirely 
white haired. 

do hypopygium (Text-fig. 66): The ninth tergite and eighth sternite are short and 
broad, and the distal edge of the tergite is excavated to form a three-sided bay, much as 
in P. fascipennis, nov., but more definitely rectangular. The dorsal lobe of the gonocoxite 
is relatively narrow, and is evenly rounded distally. The lateral lobe of the style is long 
and finger-like, the medial is short and bluntly rounded, and the intermediate is rounded 
and markedly larger than the medial. The basal part of the aedeagus is very broad; 
the hooks are narrow and strongly upturned, and the space between them is considerably 
narrowed; the spines on their medial aspects are prominent, and the space proximal to 
the spines is but slightly expanded. The general appearance of the clasping and intro- 
mittent organs is more like that of the personatus group than of other members of the 
fusconiger group. 

Length: 13 to 15 mm. 

Distribution—New South Wales: Dorrigo, 20.xi.1911 (Tillyard, type locality) ; 
Barrington Tops, 7.i1.1925 (S.U. Zool. Exped.). 

P. tillyardi Tayl. is strikingly different from all except P. niger, nov., which is 
described below. Besides being structurally aberrant, these two species are very peculiar 
in their habits. They have not been seen in flight, and were taken at Barrington Tops 
feeding on Leptospermum flowers. They clung closely to the flowers and crawled about 
very slowly with their wings folded straight back along the abdomen, the whole appear- 
ance being that of a long-bodied beetle rather than a fly. 

The allotype male, from Barrington Tops, has been lodged in the Macleay Museum, 
University of Sydney. 


PELECORHYNCHUS NIGER, Nn. Sp. 

do, °. A narrow-bodied, black species like P. tillyardi Tayl., from which it differs as 
follows: The ruff, supra-alar tuft, and pubescence at the side of the scutum are rich 
orange-red in colour, darker in 9; the post-mesopleural tuft is orange-red in 4, brilliant 
white in ?. Scutum entirely black, with prominent, narrow, grey dorso-central lines, 
which fade posteriorly and disappear a little in front of the scutellum. The wings are 
distinctly darker than in P. tillyardi Tayl. The abdomen is similar, except that the 
paler areas on the first and second visible tergites are very inconspicuous. 

¢ hypopygium: Similar to that of P. tillyardi Tayl., but the excavation at end of the 
ninth tergite more rounded; basal part of aedeagus not quite so broad, spines not so 
prominent, and the intermediate lobe of the style somewhat larger and more rounded. 

Length: 13 mm. : 

Distribution.—New. South Wales: Mt. Irvine, no date (Plomley, 1 ¢); Barrington 
Tops, 7.111925 (S.U. Zool. Exped., 1 9); Helensburgh, 1910 (Brown, 1 2) (coll. Froggatt). 


BY f. M. MACKERRAS AND MARY BE. FULLER. 69 


The holotype male, from Mt. Irvine, is in the collection of the School of Public Health 
and Tropical Medicine, University of Sydney; the allotype female, from Barrington 
Tops, has been lodged in the Macleay Museum, University of Sydney. 


C. THE EARLY STAGES OF SOME AUSTRALIAN SPECIES. 
P. nigripennis Ric. Text-figs. 68, 71. 

Larva—tThe length of the larvae collected varied from 35 to 52 mm. They are 
considerably more slender, more delicate in appearance than P. fulvus Ric., and the 
skin is more transparent and whiter. They are easily distinguished by the shape of 
the last segment which is narrower and more elongate, parallel-sided and pointed at 
the end than in P. fulvus Ric. and P. rubidus, nov. The gland openings are more 
conspicuous than in the other two species, being coloured a smoky brown. The 
longitudinal rows on the last segment are particularly noticeable. There are fewer 
dots in the dorso- and more in the ventro-lateral rows than in P. fulvus Ric., and the 
individual dots are smaller. The spiracular cavern is wider, the lips are outlined with 
a light brown line, and the fringes are longer than in P. fulvus Ric. The spiracular 
plates are larger and more heavily chitinized, the whole plate, except the row of openings 
on each side, being black. This character is useful to distinguish P. nigripennis Ric. in 
the field. There is a black mass on the inside of the bottom lip at its base, and the six 
gland openings at the junction of the lips (bottom of the cavern) are also black. 
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Text-figs. 67-70.—Terminal segments of larvae. 67. P. fusconiger Walk. 
68. P. nigripennis Ric. 69. P. fulvws Ric. 70. P. rubidus, n. sp. 


The ventral thoracic hairs are considerably longer than in P. fulvus Ric., projecting 
well out from the surface. There are three long hairs and one short hair in each group. 
The little hairs on the first and last segments are also long. The larva is slightly more 
constricted between the segments, the junction between them being marked by a more 
obvious brown line. The anterior spiracles are larger than in P. fulvus Ric., have about 
ten openings, and are visible with the naked eye as brown spots. 

The whole head is rather smaller and narrower than in P. fulvus Ric. The mouth 
parts are similar in detail, the only slight difference being seen in the spines of the 
spinose area which are rather longer and more slender. 

Pupa.—The pupa of the female is about 28 mm. long, more slender than that of 
P. fulvus Ric., resembling rather the male pupa of that species. The chitin of the thorax 
is smoother, with no rugose region on the vertex as in P. fulvus Ric. The bristling of 
the thorax is similar, as also is the thoracic spiracle. 

The abdominal spiracles are raised on more elongate mounds, are smaller, and more. 
of a closed horse-shoe shape on the later segments. The girdles of spines are more 
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flattened, wider and thorn-like. They are reduced in size on the ventral surface, and 
very reduced, both dorsally and ventrally on the first three segments. They have longer, 
sharper points than those of P. fulvus Ric. The four big central spines are more 
appressed to the surface, are broader and very thorn-like. The ventral pair is absent, 
and represented by two minute chitinous dots. The six points of the aster are shorter 
and more curved and the dorsal pair bear a pair of smaller subsidiaries laterally. The 
postero-ventral prominence is blunter and its two lateral projections more rounded. 


Text-figs. 71-73. End view of terminal segment of pupae. 71. P. nigripennis Ric. 
72. P. rubidus, n. sp. 73. P. fusconiger Walk. 


In the male, the anal knob is very enlarged, and the pair of papillae behind it more 
prominent than in P. fulvus Ric. The subsidiaries on the dorsal arms of the aster are 
absent, and the area between the aster and the prominence is swollen instead of flat as 
in the female. The male pupa is shorter than the female, but not more slender. 


P. rubidus, n. sp. Text-figs. 70, 72. 


Larva.—The smallest larva collected measured 40 mm. in length, and the largest 
59 mm., with every gradation between. The larva is not only longer than that of 
P. fulvus Ric., but has a greater girth, being noticeably thicker and more robust. It is 
readily distinguished from P. fulvus Ric. in having the last segment tinged orange, the 
colour deepening towards the extremity at the spiracular cavern, the lips of which are 
strongly pigmented, especially the lower, which is almost brown. 

The anterior spiracles have six or seven instead of three slits, and the posterior 
spiracles are rather larger and more elongate than in P. fulvus Ric. The thoracic hairs 
and the other small hairs on the first and last segments are comparatively more minute 
than in P. fulvus Ric. The hairs on the lower lip of the cavern, and the fringes inside 
the lips are also noticeably shorter and smaller. The mouth parts are the same in 
structure and detail, except that the teeth on the labrum are longer and more distinct, 
and the head itself is more elongate and larger. The gland openings are paler and less 
conspicuous. The longitudinal rows of dots on the last segment vary in number as in 
P. fulvus Ric., but are usually more, eleven to thirteen dorso-laterally, and six to eight 
ventro-laterally. The ventro-lateral row is sloping instead of relatively straight as in 
P. fulwus Ric. 

Pupa.—The female pupa is 37 mm. long, and has a smooth thorax, lacking the rough 
area on the vertex, as in P. nigripennis Ric. The thoracic spiracle is comparatively 
smaller, with the slit shorter and wider. The girdles of spines are well developed, even 
on the first and second segments where they are usually reduced. They are not so closely 
set as in P. fulvus Ric., but they are much longer with very sharp, long points. The 
four central dorsal spines are long, but the ventral pair is represented only by two dots. 
The abdominal spiracles are large, with the slits dark brown instead of pale as in 
P. fulvus Ric. The scroll is wide, with the more posterior spiracles having the ends 
almost meeting, forming a complete oval. 
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The six points of the aster are very long and sharp at the tip, and slightly curved 
inwards. The dorso-lateral pair is very close to the dorsal pair, with a big gap to the 
latero-ventral pair. The prominence with its two lateral points is elongate. The anus 
is small. The male pupa is smaller, with the pair of anal papillae closer to the anus 
than in the other species. The lateral points of the prominence are narrower than in 
the female. 


P. fulvus Ric. Text-figs. 49, 69. 


Larva.—The larva has been described in detail above (pp. 18-23). The smallest 
measured 13 mm. in length and the largest 52 mm., with all gradations between. The 
full-grown larva is robust, but not as thick as P. fusconiger Walk. or P. rubidus, nov. 
It is shining translucent white to pale apricot in colour. The thoracic hairs and those 
on the last segment are minute and short, scarcely projecting above the surface. They 
are slightly shorter than in P. fusconiger Walk. and longer than in P. rubidus nov. 
The transverse rows of gland openings on the abdominal segments are not very 
conspicuous, being only slightly more coloured than the surrounding integument. 
The longitudinal rows on the last segment are larger, but pale and inconspicuous. 
There are eight to ten dots in the dorso- and five to seven in the ventro-lateral row. 

The anterior spiracles are very small, with three slits in each. The posterior 
spiracles are brownish-yellow and fairly large. The spiracular cavern is relatively small, 
and seems incapable of opening very widely as in some of the other species. The larva 
of P. fulvus Ric. most closely resembles that of P. fusconiger Walk. 

The pupa.—The average length of the female pupa is 30 mm. Its most distinctive 
feature is the rugosity of the vertex and back of the head. The abdominal spiracles are 
raised on small mounds, and the slit is scroll-shaped. The girdie of spines around each 
segment is composed of closely set, strong, broad and sharp spines. They vary in size, 
some bearing two or three subsidiary spinelets. The aster has small accessory spines on 
and between the arms. 


P. fusconiger Walk. Text-figs. 67, 73. 


Larva.—The length is 34 to 53 mm. It is very similar in appearance to P. fulvus 
Ric., but is thicker and more robust, like P. rubidus, nov. The integument is coloured 
the same as the lighter P. fulvus Ric., no larvae of lemon or apricot tints being found. 
There is no pigmentation on any of the segments. The anterior spiracles are larger, 
with five to six openings, and the thoracic hairs and the fringe inside the lips of the 
spiracular cavern are slightly longer than in P. fulvus Ric. The mouth parts and 
posterior spiracles are like those of P. fulvus Ric., as are the rows of dots on the last 
segment, except that the ventro-lateral row has usually fewer dots, about three to six. 

Pupa—tThis also resembles P. fulvus Ric., but is smaller, the female being only 
28 mm. long. The vertex and head are smoother, and the slit of the thoracic spiracle 
is slightly shorter and wider. The spines in the abdominal girdles are shorter and 
smaller, and, as in P. fulvus Ric., the ventral pair of central spines on each segment 
is well developed. The aster is very like that of P. fulvus Ric., but there are no 
subsidiaries on or between the six points, the dorsal and dorso-lateral arms are closer, 
and the projections of the posterior ventral swelling are shorter and rounder. 


D. THE SOUTH AMERICAN SPECIES. 
Key to the Species. 


1. Uniformly reddish-brown species, without scutal vittae or abdominal markings .......... 
BREW AONCHoa coe coe one Mee V aha Vv le PATER oe Phin ses eran hildod ooie eben: weber JelhauS lleva vouseron capella att he ous vulpes (Macq.) 


Black species, with conspicuous, pale dorso-central lines on the scutum ................- 2 

2. Pale abdominal markings inconspicuous, especially on the venter; wings russet-orange ... 3 
Abdomen with conspicuous white markings dorsally and ventrally; wings only suffused 
aver Orliyvenwathiysy.e LOW cOGMOG ATM Sm base cte sence teem cinoma siad tie) eaeieaeiencite) aie Oleh, Sragaie sesoe, chaise 4 

Ce EvuUtean cdr pleunalihnains sblackigsuctwsre cis susie cane sdcea cus: cukehelereteyereushe cue Sit ees ache ee longicaudus (Bigot) 
IRWHGE Chal jolkepneyl woes AAMC? Son soup oueuedeneotondsGdaeuoeubeeoees xanthopleurus (Phil.) 

4. White spots on dorsum of abdomen restricted to the fourth, and sometimes also the third, 
WAST CMRLELS ile ayteremen reanar eee nshonestniep ateg oes oie eee ie Fat iatea (cies amas her eeteme cs sues des biguttatus (Phil.) 


Conspicuous white spots present on the second and third, as well as the fourth, visible 
COT SUC Siaeresec ace beeen mare eee aay ay scsaste es Mcne ctr aiaitewest sie latest rors aeaiel esines alfsl pirsnepeeet a ws csal's) aia) Soh Selapeletome selieteis 5 
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Bypid Ofet-ashal 0 Ke) de Reeteeaa 7s SRA Come ean cic eh a eee DCS ING 2c 710 'a 6'5.4 6 6 cloatwicc BOW 6 GlOLLe elegans (Phil.) 
Hegis TEAGISH=br Owais siayerel arts sTs. Su0t clla\lsy oye layns score cost) theta 6 aye) PERM ea see eRe Ree aee eee kroberi (Lind.) 


PELECORHYNCHUS VULPES (Macquart). 


Pangonia vulpes Macquart, 1850, p. 23.—Pelecorhynchus aurantiacus Ricardo, 1900, p. 103, 
pl. i, fig. 2,.1910, p. 409——Pelecorhynchus vulpes (Macq.), Surcouf, 1921a, p. 222, 
1921b, p. 111.—Coenura vulpes (Macq.), Enderlein, 1925, p. 262; Kroéber, 1930, p. 114. 
A reddish-brown species, with orange-yellow ruff and pleural hairs, except the post- 

mesopleural tuft, which is white. The scutum is covered with orange-rufous hairs, which 

are very deep in colour on the sides and on the scutellum. The legs are yellow, with 
red hind tibiae. The wings are hyaline, yellow at base and along the fore border. The 
abdomen is covered with dense, orange-rufous pubescence. 

Distribution.—Chile: No locality (Macquart, Ricardo); Concepcion, Valdivia, 
‘Coquimbo (Kroéber). 
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Text-figs. 74-78.—Male hypopygia of Chilean species. 74. P. longicaudus Bigot. Ds 
P. biguttatus Phil., and P. elegans Phil., narrow form. 76. P. elegans Phil., broad form. 77. 


Highth sternite and tergite of P. longicaudus Bigot. 78. Ninth tergite and cerci of P. longicaudus 
Bigot. 


PELECORHYNCHUS LONGICAUDUS (Bigot). Pl. i, fig. 2. 
Coenura longicauda Bigot, 1857, p. 287, pl. vi, fig. 2; Philippi, 1865, p. 726; Enderlein, 

1922, p. 336, 1925, p. 262; Krober, 1930, p. 113. 

3, °. A black species, with conspicuous yellow dorso-central lines and uniformly 
russet-orange wings. The ruff, infra-scutellar tuft, and all the pleural hairs are jet 
black, with the exception of the squamal tuft, which is rich orange in colour. The 
halteres are also orange, and stand out conspicuously against the black background. The 
legs are black, pulvilli orange. The abdomen is bare, except for inconspicuous, greyish- 
white, sublateral patches of thin tomentum on the second, third, and sometimes fourth 
visible tergites. The venter is shining black, with inconspicuous sublateral patches of 
thin greyish-white tomentum on one or two of the basal segments. The legs are black. 

3d hypopygium (Text-figs. 74, 77, 78): The ninth tergite is large, with its distal edge 
somewhat excavated. The ninth sternite is short, broad, and deeply cleft distally, but 
without thumb-like projections. The dorsal lobe of the gonocoxite is not expanded, and 
is evenly rounded. The style is relatively strong and dark: its lateral lobe is hooked 
at the tip, the medial lobe is small, and the intermediate lobe projects beyond the medial. 
The hooks of the aedeagus are strong, and are proximally and somewhat laterally curved. 
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The space between them is evenly curved, devoid of spine, and not expanded proximally; 
it shows distinct variation in width in different specimens. 

Distribution.—Chile: No locality (Bigot); Parral, Province of Coleaagua (Philippi) ; 
Yungay, 13.1.1930 (Stuardo), 2 gg, 1 9; no locality, 1.xii.1921 (F. Ruiz), 2 g¢ (ex coll. 
Stuardo). 

This species is the genotype of Bigot’s genus Coenura. It is a true Pelecorhynchus, 
and its relationships have been discussed above (p. 26). It is to be distinguished 
from the Australian P. interruptus, nov. by its more slender form, continuous scutal 
vittae, and male genitalia, and from the other Chilean species by the entirely black 
ruff and pleural hairs and rudimentary abdominal spots. The most remarkable feature 
of P. longicaudus Bigot is the short proboscis and greatly reduced mandibles of the 
female (Text-fig. 4), but these characters are of phylogenetic rather than taxonomic 
interest. The ovipositor, fully extended in Bigot’s specimen, is normally retracted in 
the females before us, and only the cerci are visible. 


PELECORHYNCHUS XANTHOPLEURUS (Philippi). 
Coenura xcanthopleura Philippi, 1865, p. 726; HEnderlein, 1925, p. 262;- Krober, 1930, p. 116. 
Tnis species appears to be most closely allied to P. longicaudus Bigot, from which it 
is to be distinguished by the yellow ruff and pleural hairs. The description makes no 
mention of white fasciae on the venter, and presumably these are absent; if they are 
present, it will have to be placed near P. biguttatus Phil., from which it may be separated 
by the more uniformly flavid wings and inconspicuous abdominal spots. 
Distribution.—Chile: Province of Valdivia, xii.1859 (Philippi), type locality. 


PELECORHLYNCHUS BIGUTTATUS (Philippi). 

Coenura biguttata Philippi, 1865, p. 726; HEnderlein, 1925, p. 262; Krober, 1930, p. 115.— 
Pelecorhynchus darwini Ricardo, 1900, p. 102, pl. i, fig. 1, 1910, p. 408; Surcouf, 
1921a, p.- 222; Surcouf, 1921b, p. 111—Coenura darwini (Ric.), Enderlein, 1925, 
p. 262. 

Related to P. elegans Phil., described below, but the dorso-central lines of the 
scutum are distinctly narrower, and the abdominal spots are absent on the second 
visible tergite, rudimentary or absent on the third, and small on the fourth; the white 
bands on the venter are much narrower, more widely interrupted, and inconspicuous 
posteriorly. In the specimen before us, the ruff and pleural hairs are rich orange-yellow, 
with the post-mesopleural tuft distinctly paler in its distal part as in some specimens of 
P. elegans Phil.; the infra-scutellar tuft is pale gold. 

d6 hypopygium (Text-fig. 75): The ninth tergite is very short and broad, and some- 
what less excavated distally than in P. longicaudus Bigot. The gonocoxite is similar, 
but the style is less robust, and its lateral lobe is shorter and not so strongly hooked 
distally. The hooks of the aedeagus are longer, more slender, and less proximally 
directed, making an angle of about 45° with the sagittal plane; the space between them 
bears distinct spines, proximal to which it is expanded to an almost circular form. 

Distribution—Chile: Province of Valdivia (Philippi), type locality; Chiloé and 
Concepcion (Ricardo); Santo Domingo, Futa, Valdivia, Chiloé, Ins. Puerto Montl 
(Kober); Peulla, 9:1.1933 (Stuardo), 1 ¢. 

Of this species Philippi writes: “On the forest road between San Domingo and Futa 
these beautiful flies hovered two or three feet over the ground without settling; if I 
approached they darted away like an arrow and then came back again to the same 
spot.” The similarity to the habits of many Australian species, for example, 
P. fusconiger Walk., hardly needs comment. Krober sinks P. darwini Ric. as a synonym, 
an action which appears to be fully justified. 


PELECORHYNCHUS ELEGANS (Philippi). 

Coenura elegans Philippi, 1865, p. 727; Enderlein, 1925, p. 262; Krober, 1930, p. 116,. 
pl. iv, fig. 1—Coenura albopunctata Schiner, 1868, p. 77; Enderlein, 1925, p. 262; 
Krober, 1930, p. 116. 
db, 9. A black species, with conspicuous yellowish dorso-central lines, and greyish 

hyaline wings clouded anteriorly and basally with orange. Ruff, lateral hairs of 
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mesonotum, and pleural hairs orange to creamy-yellow in different specimens, but 
always darker and richer in colour above than below; the distal part of the post- 
mesopleural tuft and the squamal tuft are paler than the rest, sometimes almost creamy- 
white; the suprasquamal tuft is particularly prominent in this species; infra-scutellar 
tuft bright pale gold. Abdomen black, bare in part, but with rudimentary transverse 
zones of black tomentum, and with conspicuous white tomentose spots on the second 
and third visible tergites; on the fourth tergite there is a broad transverse white fascia, 
which is interrupted by a narrow median black vitta; there is also a small white basal 
spot at the lateral edge of the second and third tergites. Venter black, with three broad 
white fasciae, the anterior two widely interrupted in the mid-line, and the posterior 
slightly notched. Legs black; femora with rather dense hairs, which have a silvery sheen 
in certain lights; fore tibiae with golden reflections ventrally. 

db hypopygium: Closely similar to that of P. biguttatus Phil. (Text-fig. 75), but the 
ninth tergite is sometimes not quite so broad, the hooks of the aedeagus may be some- 
what shorter and stouter, and, as in P. longicaudus Bigot, the width of the space between 
them is variable. Three specimens were available for dissection; in one the space was 
very slightly wider than in P. biguttatus Phil., in another (Text-fig. 76) it was markedly 
broader, and the third was intermediate. 

Distribution.—Chile: Llico (Philippi), type locality; Concepcion, 30.xii Coronel, 
15.xii Llico, Canquenes (Krober); Huingan, 12 & 19.1.1925 (F. Ruiz), 3 gg, 4 92 (ex 
coll. Stuardo). ; 

This species is readily recognized, and is aptly named. It may be noted that the 
proboscis is normal, and the mandibles are similar to the Australian P. distinctus Tayl. 
(Text-fig. 5). One of the males before us agrees very well with Krober’s (1930) 
redescription of the type of C. albopunctata Schin. It so happens, too, that it is this 
specimen which has the widest space between the hooks of the aedeagus (Text-fig. 76) ; 
but others are intermediate both in structural characters and colouration, and we have 
no doubt that Schiner’s name should fall to synonymy. As regards habits, Krober 
quotes F. W. Edwards’ note as follows: ‘“‘We obtained numerous specimens of each sex of 
this species in early morning (7 to 9 a.m.) at flowers of a Saxifragaceous plant 
(Escallonia pulverulenta), in company with Osca lata and O. rufa.” 


PELECORHYNCHUS KROBERI (Lindner). 


Cocnura hroberi Lindner, 1925, p. 23; Krober, 1930, p. 115. 

A handsome species, related to P. elegans Phil., from which it differs in the white 
ruff and pleural hairs, in the golden-brown infra-scutellar tuft, and especially in the legs, 
which are red-brown, darkening distally on the tarsi. The white abdominal markings 
are more extensive, and there is a pair of spots on the first visible tergite, a character 
which is not present in any of the other species. 

Distribution.—Chile: Punta Arenas, 1908, Passler (Lindner), type locality. 
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EXPLANATION OF PLATE I. 
1. Pelecorhynchus nigripennis Ric., female. 2. P. longicaudus Bigot, male. (The abdominal 
markings are unusually conspicuous.) 38. P. rwbidus, n. sp., male. 4. P. taeniatus, n. sp., female. 
5. P. fulvws Rie., female. 6. P. fusconiger Walk., female. 7. P. tillyardi Tayl., female, 


WALTER WILSON FROGGATT. 
1858-1937. 


(Memorial Series, No. 8.) 
(With Portrait.) 


Walter Wilson Froggatt, who died at his home at Croydon, N.S.W., on 18th March, 
1937, was one of the most adventurous and widely travelled of the pioneer naturalists 
of Australia. Perhaps he inherited his love of science from his father’s side of the 
family and some of his spirit of adventure from his mother’s. His father was George 
W. Froggatt, an English architect who passed his early days in Yorkshire where the 
Froggatt family had lived for some generations, mostly in the neighbourhood of 
Froggatt Edge. For generations one or more member's of the family had been interested 
in science, but George’s brothers were successful industrialists. George Froggatt married 
the daughter of Captain Giacomo Chiosso, an Italian of noble birth, whose castle and 
fortune were destroyed by Napoleon and who spent an adventurous time in Italian and 
Spanish wars; from a French prison he succeeded in making his escape to England, 
where he was joined by his wife. 

George Froggatt and his wife came to Australia some years before their son was 
born at Blackwood, Victoria, on 13th June, 1858. Shortly afterwards they removed to 
Bendigo, in the days when the rich gold-bearing quartz reefs of the famous Victorian 
goldfields were so productive, and George Froggatt became interested in mining ventures. 

As a small child Walter Froggatt was very delicate. His mother took him for walks 
in the bush and interested him in the things he saw—plants, animals and rocks. He 
apparently took keenest interest in the insects, for on his sixth birthday he received his 
first insect collecting-box, a treasure which still remains in the family. During this 
early period he laid the foundation of his life’s great interest—an interest which 
ultimately became his life-work and which may best be exemplified by his continued 
interest in, and influence on, the work of the Field Naturalists’ Club (later the 
Naturalists’ Society) of New South Wales. In the grounds of his home at California 
Gully, Bendigo, there were a small zoo, pools for water fowl and for tortoises, and a 
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boxroom built in a large gum tree where he could observe the bird life. His interest 
in Natural History kept him out of doors for much of his time and probably was one 
reason for a gradual improvement in his health. His early education was received at 
the Bendigo Corporate High School, where he was one of the first pupils, under the 
headmastership of the Rev. J. S. Moir, M.A. At this stage his favourite book was 
Kirby’s “Textbook of Entomology”. 

After he left school he spent some four years on his father’s pastoral holding at 
the Terricks in the Kow Swamp and Gunbower Creek district, where he had ample 
opportunity of increasing his knowledge of the bush and incidentally of adding to his 
collection of insects. 

Then followed a period of wandering. In 1880 he went with George O’Connor to 
the newly-discovered gold occurrence at Mount Browne, near Milparinka. This proved 
an unsuccessful venture and the party went on northwards into Queensland, reaching 
Mackay in March, 1882. With two others, Froggatt then went on to Herberton and the 
tin country; not finding work there they walked back the 200 miles to Cairns, where, 
for want of something better, they took a contract for cutting pencil (white) cedar. In 
the tropical scrub insect life was abundant and another fine collection was made. From 
Cairns he went south to Townsville, then to Charters Towers, and on to Hughenden 
(walking 120 miles through scrub, sand and spinifex) and Norwood. At Hughenden he 
accepted the post of mailman between Cambridge Downs Station and Mt. Emu Plains, 
involving a weekly journey, 140 miles each way, over bush tracks on the basalt table- 
land. This, too, offered an excellent opportunity for insect collecting, of which he took 
full advantage. In 1883 he returned to Bendigo to help his father in the management 
of the Mangat Hill lease near Mount Hope. Here he continued his insect collecting, which 
brought him into touch with the Victorian entomologist, Charles French, senior, and 
with Baron Ferdinand von Mueller, who took a kindly interest in the keen young 
naturalist. It was this interest of Baron von Mueller that gave Froggatt the oppor- 
tunity of turning his hobby of collecting natural history specimens into his life’s work. 
In 1885 the Royal Geographical Society of New South Wales arranged to despatch a 
scientific exploring expedition to New Guinea and, partly as a result of the Baron’s good 
offices, Froggatt was appointed entomologist and assistant zoologist. The expedition 
left Sydney on 10th June, 1885, on the ‘Bonito’, a steam launch of 70 tons, and spent 
about four months in New Guinea, returning to Sydney on 4th December, 1885. Insects 
and birds were plentiful but the conditions for collecting were not very favourable. 
Froggatt published an account of his experiences under the title “New Guinea 
Expedition”. 

Not long after his return from New Guinea, Froggatt was engaged by the Hon. 
William Macleay as a collector, and early in 1886 he set out for northern Queensland. 
Here he made extensive collections in the Cooktown, Herberton, Cairns and Russell 
River districts, districts of which he had already gained some knowledge in his 
wanderings about four years earlier. He returned to Sydney with his collections and 
on 10th March, 1887, set out for north-west Australia, arriving at King’s Sound on 14th 
April. He collected in the vicinity of Derby till 20th May and then went up the Lennard 
River to the King’s Sound Pastoral Company’s Station in the Barrier Ranges, a lonely 
journey of 150 miles by himself, with horse and spring cart. 

He travelled leisurely, collecting by the way, stopping at Mount Marmion Station, 
The Devil’s Gap, and the Napier Range, and arrived at the Station on 3rd June. He 
was kept fully occupied in collecting—insects were extremely abundant and along some 
of the streams there was an abundance of wild life. Near Luken’s Homestead he 
experienced one of those wonderful collecting nights that come but rarely to the 
naturalist. He was reading by candlelight within his shelter when he heard a great 
commotion, of which he says: ‘This was caused by clouds of insects trying to get in to 
the lighted candle, so I crawled out, placed the candle on the top of the tent, and set 
to work with killing-bottles and tubes. Working throughout the night, I captured 
thousands of insects of many species and families.” On this journey he collected 
wallabies, bush rats, bandicoots, crocodiles, lizards, fishes, and birds. The rapid 
changes that may take place in a native fauna are indicated by the fact that at this 
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time bandicoots were particularly abundant in the neighbourhood of the Pastoral 
Company’s homestead, whereas, as Froggatt remarks, “Dr. Mjoberg, the leader of the 
Swedish Expedition, thirty years later, told me that he did not find one bandicoot in 
the whole of the Kimberleys’”’. 

He spent about three months at the Station; while there he went beyond the 
Barrier Range towards the headwaters of the Lennard River searching for cattle which 
had strayed, and he also accompanied the police in their hunt after some outlaw blacks 
in the rough country of the Oscar Ranges. His collections accumulated to such an extent 
that in August he took them to Derby. 

Obtaining fresh supplies at Derby he set out for the Fitzroy River. On this journey 
he suffered from sun fever and lay alone in his tent for eight days. He recovered, 
however, and continued on his way. He camped for a time at an out-station of Yedia, 
then went to Liveringar Station and Mt. Anderson, and later to Palm Springs. After 
leaving Palm Springs he suffered another attack of fever, near Yedia Station, during 
which he was unable to move for several days. On his recovery he sold his outfit to 
the manager of the-Station and set out for Derby with the bullock team dray. 

He was still far from well, for his own account reads: “I lay on the top of the 
waggon too sick to care what the bullocks or blackboys did.” At Derby he gladly 
accepted the kind invitation of Mr. Gunn, manager of the Pastoral Company’s Station, 
to return to the Barrier Range to recover his health. He remained there till about the 
middle of February, having to wait for the retreat of the floods. He left Kimberley on 
22nd February by the “S.S. Otway” and called at Cossack, Broome, and Cygnet Bay on 
the way to Fremantle, finally reaching Sydney on 31st March, 1888, after an absence of 
just more than a year, during which he circumnavigated Australia.* 

He then went to England at the invitation of his uncle, who took a great interest 
in his naturalist nephew; he took the opportunity of visiting many museums and 
universities and returned to Australia with equipment for research work. For a time 
he worked for William Macleay on the Macleay Collections until the Macleay Museum 
was handed over to the University. In 1889 he was appointed assistant and collector 
at the Sydney Technological Museum under the curatorship of J. H. Maiden. Here he 
was able to pursue his entomological studies, and he commenced publication of the 
results of his work in the Procrrpines of this Society, his first paper appearing in 1890. 
During this period he commenced his extensive studies of Termites (White Ants), of 
which he had specimens from all parts of Australia. In 1895 he applied unsuccessfully 
for the Curatorship of the Museum at Perth, Western Australia, and in 1896 he was 
appointed Government Entomologist of New South Wales, a position which he occupied 
until his retirement in 1923. 

During his long term of office as Government Entomologist, Froggatt was very 
active, not only in his official duties, but in many other activities connected with various 
aspects of Natural History and its encouragement. In addition to his entomological 
work he was Vine Inspector and later Inspector under the Vegetation Diseases Act. 

In 1907 he was sent abroad to inquire into the best methods of dealing with fruit 
flies, etc. He visited some twenty countries and his report contained a fund of informa- 
tion regarding (i) the value of introduced insect parasites, (11) fruit flies and measures 
for checking them, and (iii) the value of parasites in the control of insect pests. 

In 1909 he visited the Solomon Islands to report for Lever Pacific Plantations on 
insect pests attacking coconut palms and sugar cane. 

In 1913 he visited the New Hebrides to report on pests of the coconut palms for 
the French Planters’ Association. 

During the period 1914-1918 he did much work on weevils and their attacks on 
stored wheat for the Wheat Board, and had much to do with the establishment of a 
laboratory for experiments on the sheep fly at Warrah in New South Wales. 

In 1922 he visited Queensland to investigate the banana beetle and the occurrence 
of bunchy top in bananas, and in 1923 he was chiefly occupied in a study of timber 
borers. 


* Froggatt gave an account of this trip to the north-west as a Presidential Address to the 
Naturalists’ Society of N.S.W. (Aust. Naturalist, ix (4), 1934, pp. 69-82.) 
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After his retirement in 1923 he was retained for about four years as Forest 
Entomologist in the Department of Forestry, his final retirement from official duties 
taking place on 31st March, 1927. 

He became widely known throughout the scientific world as an authority on 
economic entomology and for his published work on a wide range of entomological 
subjects. Soon after his appointment he commenced work on the Psyllidae; in 1906 he 
prepared a text-book on entomology; in 1912 he was working on Australian Coccidae, 
a group in which he retained an active interest for the rest of his life. In 1919 he 
published a series of coloured plates of Australian Birds (especially those of importance 
in the economic sphere). In 1921 a comprehensive bulletin on Australian Coccidae was 
issued, as well as a work on “Forest Insects” for the Forestry Department. For many 
yéars he lectured on entomology as part of the course in Agriculture at the University 
of Sydney. He contributed a section on Australian Insects for the handbook issued on 
the oceasion of the British Association meeting in Australia in 1914. Apart from his 
long list of papers published in scientific journals (for which see Musgrave’s 
“Bibliography of Australian Entomology”, pp. 101-114), his most widely known works 
include: “Australian Insects” (1907), “Some Useful Australian Birds” (1921), “Forest 
Insects of Australia’ (1923), ‘‘Forest Insects and Timber Borers” (1927), “Handbook 
ot Australian Insects” (1933), and “Handbook of Australian Spiders and Their Allies” 
(1935). Of his bulk of published papers, Musgrave says: “He has produced more papers 
on Australian insects than any other worker.” 

Froggatt was one of the last survivors of a generation which produced many noted 
naturalists. From his earliest days he was interested in all forms of life, but he had a 
special fondness for the insects. He-had keen powers of observation and was quick to 
note the habits of the species he collected. His very wide experience as a collector 
gave him an intimate knowledge of the relationships between species and their environ- 
ment. This attention given to life-histories and habits made his work more valuable, 
particularly in regard to destructive pests, and enabled him to make particularly 
important contributions in connection with the natural enemies and parasites of pest 
species. 

In his later years he was a voluminous contributor of popular articles in the press, 
a torm of contribution for which his wide interests fitted him, and which was much 
appreciated by the public. 

He was a Foundation Member and Councillor of the Wattle League, the Wild Life 
Preservation Society of Australia and the Gould League of Bird Lovers. He was a 
member of the first Council of the New South Wales Naturalists’ Club—the three 
surviving members of this original Council are Professor J. P. Hill, Dr. G. A. Waterhouse 
and Mr. D. G. Stead. He gave, indeed, the most continuous and consistent support to 
the Naturalists’ Society from its commencement in 1900 till his death. For a number of 
years before his death he was President and his continued occupation of the office was by 
the sincere desire of the members. He was guide, philosopher and friend to a long 
succession of youthful naturalists and his efforts to help so many of them in the early 
stages of their enthusiasm for various branches of natural history have surely borne 
abundant fruit. He gave a great deal of practical encouragement in matters of arbori- 
culture, and the conservation and use of Australian plants. His enthusiastic voluntary 
work in encouraging the planting of Australian trees and shrubs in reserves and parks 
has had notable results. Individual examples in which he was specially interested are 
the reserve at Ball’s Head and the street in which he lived at Croydon. 

He always gave loyal and enthusiastic support and encouragement to the Societies 
of which he was a member. He was elected a Fellow of the Linnean Society of London 
in 1897, a Fellow of the Royal Zoological Society of New South Wales in 1931, and was 
a member of the Australian National Research Council from 1921 to 1932. He was a 
member of the Linnean Society of New South Wales from 1886, was President 1911-1913, 
and a member of Council from 1898 till his death. In his last few years he took an 
active interest in the Royal Australian Historical Society. 

His magnificent collection of insects was purchased by the Commonwealth Govern- 
ment in 1927, and is now housed at Canberra. His collecting instinct extended to books, 
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and he built up a valuable library of natural history works, as well as many first editions 
and rare books of general literature and a good selection of Australiana. 

He was immensely proud of his garden, and it was quite unusual to find him 
without some rare or perfect bloom from this garden in his buttonhole. 

Froggatt was a loyal and unselfish friend. He was fond of human fellowship and 
was a generous and genial host. There were few visiting naturalists who did not 
partake of the open hospitality of himself and his family, and his friends, scientific 
or not, were always assured of a hearty welcome at his home, ‘‘Bonito”’, named after the 
little ship which carried the expedition to New Guinea in 1885. 
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SEROLOGICAL STUDIES OF THE ROOT-NODULE BACTERIA. 
II. STRAINS OF RHIZOBIUM TRIFOLII. 
By J. M. VINCENT, School of Agriculture, University of Sydney. 


[Read 29th April, 1942.] 


Introduction. 

In the first paper of this series (Vincent, 1941) the writer has briefly reviewed 
some of the earlier work done with the genus Rhizobium and described newer methods 
which enable more information to be obtained as to the antigenic constitution of its 
members. In the same paper results were presented for strains of Rhizobium meliloti; 
it was found that for no more than six strains was it necessary to postulate a minimum 
of three flagellar and seven somatic antigens and an examination of forty-two other 
strains emphasized the heterogeneous nature of the species. 

This paper reports results with strains of Rhizobium trifolii using the methods 
which have already been described in detail (loc. cit.). 


EXPERIMENTAL. 

Organisms used for the Development of Antisera.—These were isolated from several 
species of Trifolium, including some collected from widely separated areas. Details are 
tabulated below: 


Collection No. Host Plant. 2 Locality. 
46 Trifolium subterraneum I. Dandenong, Vict. 
108 T. subterraneum L. Manildra, N.S.W. 
36 T. repens L. Manildra, N.S.W. 
111 T. repens L. Manildra, N.S.W. 
91 T. glomeratum IL. Narrandera, N.S.W. 
61 T. tomentosum L. Euston, N.S.W. 


Isolations were made, the purity of cultures tested and antisera developed as already 
described in the previous paper. 


Cross-agglutination Relationships of Six Strains studied in Detail. 

Results of repeated tests of the six organisms used for the development of antisera 
are set out in Table 1. In each case the figure given takes account of at least two 
determinations; the agreement between repeated tests was good, as was also that where 
the position of antigen and antiserum was reversed. 


TABLE 1. 
Cross-agglutination Relationships of Sia Strains. 


Sera. 
Testing H-Reaction. O-Reaction. 
Antigen. 
36 108 61 111 91 4G alee 30) 108 61 111 91 46 
36 3 3 3 2 2 _ 4 4 = = = = 
108 os ae 3 3 3 p 3 = 4 4 
61 re ie 3 3 3 2 2 3 3 = = 
111 ae AG 3 83 3 2 2 3 3 — = 
91 ni ae 3 3 3 2 2 _— 4 3 
46 ae an — ~ - - _ 3 _ — — -_ 4 4 
Key : — =no reaction observed at 1/50 final concentration of serum, 1=positive reaction at 1/50, 2=positive 


reaction at 1/200, 3=positive reaction at 1/800, 4=positive reaction at 1/3,200. 
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Flagellar Antigens (H-reaction).—Two reacting groups were found. Most strains 
(36, 108, 61, 111 and 91) cross-react to a fair titre, but 46 reacts only with its own 
antiserum. The H titre is generally lower than the O (somatic), and in the case of 111 
and 91 the serum contains a relatively low concentration of homologous H antibody. 

Somatic Antigens (O-reaction) —As with Rhizobium meliloti, the somatic reactions 
give further differentiation within the groups designated by the flagellar.. Three somatic 
groups can be recognized, viz.: 

36 and 108 at least sharing antigen I; 
61 and 111 at least sharing antigen II; 
91 and 46 at least sharing antigen III. 

It is interesting to observe, in the last case, the possession of a common O along 

with different H antigens. 


Absorption Tests of Antigenic Identity. 

Flagellar Antigens —Strains 36, 108, 61 and 111 were all tested for their ability to 
absorb antibody of.each of the four corresponding sera. Antisera to 36, 108 and 61 
were absorbed at 1/50 and tested at final dilutions. of 1/100, 1/200, 1/400 and 1/800; 
111, because of its low titre, was absorbed at 1/12:5 and tested from 1/25 to 1/200. 
Antiserum 46 was used to check the validity of the subsequent agglutination test, since 
it was thought that the viscid nature of the supernatant obtained after exposure to a 
gummy suspension of antigen might have interfered with the reaction in a non-specific 
fashion. In every case antiserum to 46 retained its ability to react with its homologous 
antigen. Strain 91 was tested separately against 36 and 61 and its own serum was 
exposed to these at 1/25 and tested at from 1/50 to 1/400. 

The results of these tests have shown conclusively that each strain is able to absorb 
completely the others as well as its own antiserum. Table 2 sets out results obtained 
between 61 and the other cross-reacting strains. O results are omitted from the table. 


TABLE 2. 
Absorption of Flagellar Antibodies between 61 and 36, 108, 111, 91. 


Result at Successive Dilutions. 


Serum. Absorbed. Tested. — Absorption. 
(i.) (ii.) (ii.) (iv.) 
61 Saline 61 H H H (h) 
61 61 61 - o- = — 
61 36 61 — — _— Positive. 
61 108 61 = = _ — Positive. 
61 111 61 — = — = Positive. 
61 91 61 - — _ Positive. 
36 Saline 36 H H H h 
36 36 36 (h) (h) — - 
36 61 36 (h) — = — Positive. 
108 Saline. 108 H H H h 
108 108 108 — — - = 
108 61 108 - _ _ — Positive. 
111 Saline. 111 H h h — 
111 111 111 - — ~ — 
1i1 61 111 _ — — — Positive. 
91 Saline. 91 H H H H 
91 91 91 - = — — 
91 61 91 - = = = Positive. 


Key: H=full flocculent agglutination, h=slight flocculent agglutination, (h) =very slight but flocculent 
agglutination. 

It is now possible to postulate A asa flagellar antigen shared by the strains 36, 108, 
61, 111 and 91 and to assign B to strain 46. 

Somatic Antigens——Three cross-reacting pairs have been recognized, viz.: 36 and 
108, 61 and 111, 91 and 46. Their appropriate cross-absorptions are summarized in 
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Table 3. The absorption test has been carried out at 1/50 or 1/100 and tested in four 
steps from 1/100 or 1/200 final dilution. 


TABLE 3. 
Somatic Cross-absorption Tests. 


Result at Successive Dilutions. 


Serum. Absorbed. Tested. Absorption. 
(i.) (ii.) (iii.) (iv.) 
36 Saline. 36 f = 4 = 
36 36 36 - ~ — = 
36 108 36 — — — — Positive. 
108 Saline. 108 aF = + + 
108 — 108 108 =o — — = 
108 36 : 108 aE = = — Positive. 
61 Saline. 61 <P 4p + + 
61 61 : 61 — — — — 
61 111 61 = = = = Positive. 
111 Saline. Ll! aP = ah ar 
aghtHl 111 111 _ — — — 
111 61 111 — — — _ Positive. 
91 Saline. 91 oo + + + 
91 91 91 4F cs = — 
91 46 91 — = = — Positive. 
46 Saline. 46 + ~ a + 
46 46 46 — = sats as 
46 91 46 + - — = Positive.* 
Key: -+=definite granular agglutination, -- =slight clumping although much less marked than +, —=no 
reaction. 


146 abs. 91 tested 91 gave a similar result indicating slight residue of 91 antibody. 


Antigenic Formulae for Six Strains. 


On the basis of these tests it is now possible to put forward the following minimal 
formulae for the antigenic constitution of the six strains studied in detail: 


Strain. HH oO. 
SGr tir pac ose A Sis I 
MO Sie Ah cn Ae ik gee we A SNe I 
61 A II 
2 Tes Ld Se ONSEN A pee II 
Qa eee al brehey ee nemaeee A aie Til 
Cyan ia ame sees are ee LE B dvs TIT 


Agglutination Reactions of Other Cultures of Rhizobium trifolii against 
Representative Sera. 

From the formulae outlined directly above it will be seen that it is sufficient to 
describe H-reactions against 36 and 46 and O-reactions against 36, 61 and 46. In most 
cases other sera have been included in the test for confirmation purposes, and always, 
results with these have supported the relationships already postulated on the basis of 
cross-agglutination and absorption tests. Results with thirty-two additional strains are 
summarized in Table 4. Type strains already described are included in the table for 
completeness. 

Examination of these results shows that, even with the restricted number of different 
sera available for testing, it has been possible to demonstrate a minimum of ten (possibly 
eleven) distinct serological groups within the thirty-eight strains listed. As in the case 
of Rhizobium meliloti (loc. cit.), the first broad division is on an A basis. Most of the 
strains that gave a flocculent agglutination reacted with the A group, only two reacted 
with B and a large number failed to react with either A or B although adequate motility 
had been demonstrated in the testing antigen. For these at least another H-antigen 
would have to be postulated. Whilst most of the observed AH-reactions went to a fair 
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TABLE 4, 
Agglutination Relationship of Various Strains of Rhizobium trifolii. 


Reactions with Test Sera. 


Vlagellar. Somatic. 
Collection Host —— 
No. Plant. source, 36 46 36 61 46 
A. B. Ne IT. III. 
36 TLR. Manildra, N.S.W. 3 - 4 ~ 
37 aS: Manildra, N.S.W. 3 - 4 
108 T.S. Manildra, N.S.W. 3 — 4 
109 MS. Manildra, N.S.W. 3 - 3 - 
61 TT: Euston, N.S.W. 3 _ - 3 
34 T.S. Manildra, N.S.W. 3 = — 4 - 
35 T.S. Manildra, N.S.W. 3 — -- 4 — 
73 T.S. Beaufort, Vict. 3 — — 4 -- 
78 TS Myrniong, Vict. 2 _— ~ 3 — 
42 T.A. Manildra, N.S.W. 3 — -- 4 _ 
‘94 T.F. Penola, S.Aust. 3 — - 2 
111 T.R. Manildra, N.S.W. 3 _ — 3 — 
oe Wisconsin (No. 238) 2 — — 2 — 
201* aS Waite, (RT 13) 3 = — 2 ~ 
91 T.G. Narrandera, N.S.W. 3 — — — 4 
153 TGs Goonoo Goonoo, N.S.W. 2 — — -- 4 
77 T.S Ararat, Vict. 3 — = - ~ 
114 TS. Manildra, N.S.W. 2 — - ~ - 
82 eG Wagga Wagga, N.S.W. 3 = = = _ 
86 T.G. Temora, N.S.W. 3 — = ~ — 
156 T.G. Glen Innes, N.S.W. 33 — — ~ — 
160 T.R. Glen Innes, N.S.W. 3 _ _— = = 
164 N12 Glen Innes, N.S.W. 3 — — = — 
55 T.G. (?) Horsham, Vict. 1 = — = = 
64 T.R. Orbost, Vict. _ 3 4 — — 
46 TS. Dandenong, Vict. _ 33 _ - 4 
22* Dept. Agric., W.Aust. _ _— 4 — — 
159 T.S Glen Innes, N.S.W. — - -- 2 il 
81 T.R. Rosedale, Vict. — — — 1 2 
4* Wisconsin (No. 202P). _ - _ 1 _ 
39 T.S. Duntroon, A.C.T. = a = = = 
157 T.R. Glen Innes, N.S.W. -- a _ -- — 
142 T.G. Goonoo Goonoo, N.S.W. — — = = = 
145 T.G. Goonoo Goonoo, N.S.W. — ~ — _ - 
161 Wale Glen Innes, N.S.W. = = = = = 
165 412, Glen Innes, N.S.W. — “= — = — 
95 T.G. (?) Temora, N.S.W. _ — _ — - 
200* Waite (RT3, from Wisconsin) - - _ — — 


Key to reactions: 


Key to species of host plant : 


, 1, 3, 4 as for Table 1. 
T.A.=Trifolium arvense L., T.F.=T. fragiferum L., T.G.=T. glomeratum L., T.P.= 


T. pratense L., T.R.=T. repens L., T.S.=T. subterraneum L. 


*—Obtained from other collections as indicated. 


Wisconsin = University of Wisconsin ; 


cultural Research Institute, Adelaide, S.Aust., per Mr. T. H. Strong. 


titre, strain 55 reacts only to low titre with the sera of 36, ete. 


Waite= Waite Agri- 


This kind of reaction 


is like that which was commonly observed between the two H groupings found for strains 
ot Rhizobium meliloti and suggests that in the case of this strain there is probably 
another major H antigen. 

There are three clearly defined O groups within A as well as a large group with 
undetermined O and which requires the postulation of at least another somatic antigen. 
Whilst the four strains reacting with antibody to IJ were all collected from the same 
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district, it should be noted that three other strains from the same locality fell into the 
II group, and another had an undetermined O. The J/J group is the largest defined 
somatic group within A, and included material from widely separated areas and from 
several species of host plant. Only one strain (153) resembled 91 in having A flagellar 
and III somatic antigens; the two, whilst from the same species of host plant, were 
from widely separated localities. 

Strain 64 is the only one which resembled 46 (B) in its H reaction; its somatic 
reaction is, however, of type I. 

Most of the strains which failed to give flagellar reactions with either 4 or B also 
failed to react with any of the somatic antibodies available in the test. These were 
confirmed as Rhizobium trifolii by their ability to produce nodules with clovers. Four 
strains gave an O reaction although in the case of strain 4 it was observed only to a 
low titre. i 

There is no evident relationship between host species from which the culture was 
obtained and the nature of the antigenic constitution of the cell. 


SUMMARY. 
Methods of serological analysis previously reported for Rhizobium meliloti have 
been applied to strains of Rhizobium trifolii. 
A detailed study of six strains showed the following relationship: 


Strain. Et O. 
36 and 108 A IL 
61 and 111 A II 
91 A -i Til 
46 B a IIl 


Tests with thirty-two other strains showed that, as with Rhizobium meliloti, wider 
grouping is possible on a flagellar than on a somatic basis; the latter is more strain 
specific. Twelve strains possessed neither of the H antigens postulated, but of these 
four gave O reactions. Hight strains, whilst reacting with the A type of flagellar 
antibody, failed to react with any of the sera for O. 

At least ten, and probably eleven, groups were recognizable, and of these that 
reacting with A, JJ was the largest clearly defined. This group contained, in all, ten 
strains collected from five species growing in widely separated areas. 

There was no evident relationship between species of host plant and the serological 
grouping of the strain isolated from it. 


Reference. 


VINCENT, J. M., 1941.—Serological Studies of the Root-nodule Bacteria. i. Strains of Rhizobium 
meliloti. Proc. LINN. Soc. N.S.W., 66, 145-154. 


NEW PARASITID MITES FROM NEW GUINEA (ACARINA: PARASITIDAE). 


By Cart E. M. Gunrurr, M.D., B.S., D.T.M. (Sydney), Field Medical Officer, 
Bulolo Gold Dredging Limited, Bulolo, Territory of New Guinea. 


(Fourteen Text-figures. ) 


[Read 25th March, 1942. ] 


Genus CELAENOPSOIDES, nh. gen. 


In both sexes, body pyriform, approximately as wide as long. Dorsal shield entire. 
Sternal, genital, ventral, and anal plates fused to form a large ventral shield, within 
which are the genital and anal apertures. Parapodal plates prolonged back almost to 
the apex of the body. Chelicerae scissors-shaped. Tarsi i without claws or caruncle, 
but bearing several setae; other tarsi with caruncles but no claws. Legs stout, not 
unduly long. In the female, two median vulval flaps. Legs of male somewhat heavier 
than those of the female, and bearing very large, stout spurs. Tarsi of male calearate. 

Parasitic on a vertebrate host. 

Type species: Celaenopsoides buloloensis, n. sp. 


CELAENOPSOIDES BULOLOENSIS, n. sp. Figs. 1-10. 


Body pyriform. Male: L, 7674; W, 841lu. Female: L, 8754; W, 958u. Colour 
brown. A single dorsal shield, covering the whole body, plain, without setae. A large 
ventral shield occupying all the space between the coxae and expanded behind coxae iv 
to occupy almost the whole of the remainder of the ventral surface. Anus towards the 
posterior margin of this shield. Male aperture set in the ventral shield opposite the 
middle of coxae ii; female genital aperture opposite coxae iv, and provided with an 
anterior and a posterior median flap. Flanking the anus three transverse rows of 
ribbon-like setae (Fig. 9); the remainder of the ventral shield covered with short, 
sharp, forward-pointing setae (Fig. 10). Stigmata between coxae iii and iv; peritreme 
narrow and running forward as far as coxae ii. Parapodal plates produced posteriorly 
into narrow extensions running around the posterior margin of the ventral shield almost 
to the midline; the anterior portions, in the region of the stigmata, ornamented with a 
row of small circular pits. Metapodal plates large, triangular, running back between 
the ventral shield and the parapodal plates to the level of the anus; ornamented in the 
middle third with a group of circular pits; in the male very large, the medial angle 
bearing a blunt spur; in the female not so large, and without any spur. No setae on 
the accessory plates. A fringe of long, stout, straight, sharp setae projecting stiffly 
around the posterior margin of the body, reaching as far forward as the stigmata. 

Coxae i and ii plain, coxae iii with two small fine setae, and coxae iv with one. 
Six segments in each leg, but whereas in leg i the second segment is quite separate 
and distinct, in the other three legs it is flattened back onto the coxa and apparently 
fused with it. Second segment of leg i bearing four long stout sharp setae; of leg ii, 
no setae; of leg iii, one short fine seta; and of leg iv, two long stout setae and one short 
fine one. Remaining four segments of leg i long and slender; of legs ii, iii, and iv, 
shorter and very stout, those of the male heavier than those of the female. All legs 
bearing a few fine, fairly long setae on the last four segments. Third segment of leg ii, 
in both sexes, bearing two stout sharp curved spur-like setae, those of the male propor- 
tionately larger than those of the female; third segment of leg iii bearing a long stout 
spur in the male, two sharp spur-like setae in the female; third segment of leg iv 
bearing two very stout long spurs, one with a tooth on the convex side, in the male, and 
three sharp spur-like setae in the female. In both sexes, a curved sharp spur-like seta 
on each fourth and fifth segment of legs iii and iv. In both sexes, tarsus i bluntly 
rounded, without claws or caruncle, bearing five long setae and several shorter ones 
(Fig. 4); other tarsi strongly curved, without claws, but bearing long elaborate 
caruncles. In the male, tarsi ii with two beak-like projections (Fig. 5), tarsi iii angular, 
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with two small blunt tubercles (Fig. 6). Tarsi iv in the male, tarsi ii, iii, and iv, in 
the female, rounded (Fig. 8). 


> Cy 
JL LAS SS p an ey / 3 


PPELSG ET MASA LY 
Sp LE EL LH WEA 
UTE SANS 


Figs. 1-10.—Celaenopsoides buloloensis, n. sp. 1. Venter of male. 2. Terminal segment of 
palp. 3. Terminal segment of chelicera. 4. Tarsus i of male. 5. Tarsus ii of male. 6. Tarsus 


iii of male. 7. Venter of female. 8. Tarsus iv of male; ii, iii, and iv of female. 9. Posterior 
seta from ventral shield. 10. Seta from anterior portion of ventral shield. 


Palpi with at least three segments; the terminal segment bluntly rounded, bearing a 
few long stout setae, one very long and curved; at the apex a small blunt seta arising 
from a squat cylindrical projection (Fig. 2). Chelicerae with the terminal segment 
very broad at the base, narrowing abruptly one-third of the way along, then tapering 
slowly; movable blade armed with a long row of fine corrugations on its inner edge 
(Fig. 3). 

The female carries at least three elliptical ova. 

Type host: Rattus browni Alston, 1877. 

Habitat: Bulolo, Territory of New Guinea, 1940. 

This mite was taken on Brown’s rat at Bulolo, New Guinea. Following H. G. 
Vitzthum (1929), it approximates to the Celaenopsidae, and following Banks (1915), it 
resembles the genus Caelenopsis of the family Parasitidae, subfamily Parasitinae; but it 
does not truly fit into any of the keys at the writer’s disposal, and a new genus has been 
constructed to accommodate it. 

Types and two paratypes in the collection of the School of Public Health and 
Tropical Medicine, University of Sydney. 


GENUS GENEIADOLAELAPS Ewing 1929. 
A Manual of External Parasites, 184. 


BY C. E. M. GUNTILER. sy 


GENELADOLAELLAPS SPENCEI, n. sp. Figs. 11-14. 

Body oval, widest just behind the midpoint. Colour reddish-brown. Dorsum almost 
entirely covered by the scutum, which is sparsely clothed by stiff, stout, slightly curved 
setae. The scutum is plain. There is a small rounded projection of the body anteriorly. 

Female: L, 6254; W, 3334. Sternal plate opposite coxae ii and iii, concave behind, 
bearing 3 pairs of setae. Genital plate opposite coxae iv, projecting forward almost to the 
middle of coxae iii, bearing 1 pair of setae. Ventral plate oval, contiguous with the 
posterior margin of the genital plate, and with its posterior margin well in front of the 
anal plate; bearing 4 pairs of setae. Anal plate a rounded triangle, bearing 3 setae. 
No platelets seen. On the venter a few setae, shorter and more slendei than those of 
the dorsum. Peritreme very narrow, extending forwards as far as the midpoint of 
coxa i. 

Male: L, 611u; W, 3544. On the venter, all plates except the anal fused together, 
the relative parts bearing setae as in the 9. Anal plate longer and narrower than that 
of the 9, and bearing 3 setae. Legs slender, with slender setae but no spines or spurs. 
Six segments in each leg. Tarsi very long and straight, each bearing a caruncle and 2 
small claws. Chelicerae with a semicircle of small radiating setae around the base of 
the movable chela. Chelae without definite teeth. 

Habitat: Port Moresby, Papua. 
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Figs. 11-14.—Geneiadolaelaps spencei, n. sp. 11. Venter of female. 12. Chelae. 13. Tip of 
tarsus. 14. Venter of male. 


The circumstances under which this mite was taken are of interest. The material 
consists of twenty-two adults and deutonymphs collected by Dr. Alan Spence and Mr. 
Frank H. Taylor at Port Moresby, Papua. They were first observed crawling “in dozens” 
on the legs of soldiers while standing on a bare clay surface outside one of the barracks. 
There is no record of any of the men having been bitten. The area where they occurred 
was “made ground’, and the probability is that the mites were brought along in the 
clay from a nearby quarry in large numbers and that their presence on the men was 
entirely fortuitous. 

Many of these specimens appear to be deutonymphs, since no genital apertures can 
be made out; but two contain an undifferentiated ovum and some are undoubtedly adult 
males. 

Ewing’s keys (1929) are the simplest and the most direct, and the writer has used 
them in determining the genus of these specimens. 

Type in the collection of the School of Public Health and Tropical Medicine, 
University of Sydney. Paratypes in the South Australian Museum, the Australian . 
Museum, and the British Museum. 


References. 


Banks, N., 1915.—U.S. Dept. Agric. Rep. 108, 79. 
ViITzTHUM, H. G., 1929.—Acari in “Die Tierwelt Mitteleuropas”, iii (vii), 16. 


J 


90 


SOME NEW AND KNOWN AUSTRALIAN PARASITIC NEMATODES. 
By T. Harvey JonHNnsron and Parricia M. Mawson, University ot Adelaide. 
(Twelve Text-figures. ) 

[Read 29th April, 1942.] 


The nematodes mentioned in this paper were collected from various birds and frogs 
and from the tiger snake. In addition to descriptions of five new species, and a 
re-description of a known form, the paper contains an attempt to clarify the status of 
Physaloptera antarctica Linstow. Types aie deposited in the South Australian Museum. 
We are grateful to those friends whose help in making. collections is acknowledged 
below. Most of the remaining material was taken by the senior author. Our work was 
assisted by the Commonwealth Research Grant to the University of Adelaide. The 
parasites identified, listed under their hosts, are as follows: 


ALECTURA LATHAMI Grey (Hidsvold, Qd.). Gongylonema alecturae, n. sp.; Ascaridia 
catheturina (Johnston). 

CENTROPUS PHASIANUS Lath. (West Burleigh, Qd.). Vagrifilaria australis, n.  sp.; 
Subulura differens (Sonsino). 

KupYPTULA MINOR Forst. (S. Aust.; Tasm.; Vict.; W. Aust.). Contracaecum eudyptulae, 
n. sp.; (Broughton I., N.S.W.). Anisakis sp. 

NOTECHIS scuraTus Peters (Tailem Bend, S. Aust.). Physaloptera confusa, n. sp. 

LIMNODYNASTES DORSALIS .DUMERILIT Peters (Tailem Bend and Adelaide, S. Aust.). 
Physaloptera confusa, nn. sp. (eneysted larvae) (Tailem Bend, S. Aust.). 
Pharyngodon limnodynastes, n. sp. 

HyiLa AUREA Lesson (Sydney). Physaloptera confusa, n. sp. (encysted larvae). 

Hyta preront Bibron (Tailem Bend, 8S. Aust.). Physaloptera confusa, n. sp. (encysted 
larvae). 


PHYSALOPTERA CONFUSA, nh. Sp. Figs. 6-8. 

From the stomach of many tiger snakes, Notechis scutatus, from Tailem Bend, 
South Australia, the reptiles having been collected at various times by Messrs. G. and F. 
Jaensch and L. Ellis. Males about 25-30 mm. long; females 35-38 mm. Lips each with 
two large papillae and a median amphid on outer surface, a median pointed tooth 
anteriorly, and on inner surface three bifid teeth (two lateral and a median); extending 
between and posterior to these bifid dorsal and ventral teeth, a definite ridge bearing 
very small and irregularly placed denticles; a patch of rather larger denticles at. each 
side of angles of mouth; also several minute, irregularly scattered, denticles on inner 
surtace of apex of lip. All these denticles are very small and perhaps seen only because 
the specimens were cleared and examined immediately after collection, when they were 
particularly transparent. In other worms of the same species which had been preserved 
longer the denticles were visible only in patches, in some cases the only ones seen being 
those at the dorsal and ventral sides of the lips. Muscular oesophagus 0:36 mm. in 
male, 0:-4-0-5 mm. in female; total oesophagus 3 mm. in male, 4-5 mm. in female. Nerve 
ring around posterior part of muscular oesophagus; cervical papillae and excretory pore 
a little behind this level. 

Male: Alae meeting posterior to body. One median sessile preanal papilla; four 
pairs pedunculated papillae; six pairs almost sessile, of which latter one pair preanai, 
two postanal and three on ventral surface of posterior half of tail. In older specimens 
the anterior pair of postanal papillae were not seen as they were folded into the anus. 
Ventral surface of bursa tuberculated between papillae, median part between anus and 
posterior papillae being very small. Spicules very unequal; longer 1-:23-1:3 mm., fine, 
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eylindrical, tapering, ending in a spatulate part 804 long with pointed tip and 
pronounced concavity; shorter 0-3 mm. long, tapering to a point. 

Female: Tail rounded, 0:36 mm. long. Vulva 1:3-1:4 body length from head. Eggs 
thick-shelled, 30u by 40x. 

With these worms were many immature specimens obviously of the same species. 
These range in size from 7 to 17 mm. length, 0:3 to 0-58 mm. in breadth. Oesophagus in 
the shortest 1:4:9 body length; in longest 1:6:5 body length. Nerve ring near base of 
muscular oesophagus; latter 0:28-0:34 mm. long. Excretory system very clear; lateral 
lines deviating ventrad at level of excretory pore and uniting ventrally into a wide 
transverse tube situated deep in hypodermis; from the transverse canal a narrow tube 
leads to the excretory pore which appears as a short transverse slit. No “gland” was 
observed. In the adult female the excretory system is similar, though not so clearly 
visible. 

In the stomach of the snakes from which these nematodes were taken, were frogs 
belonging to two species, Limnodynastes dorsalis dumerilii and Hyla peroni (identified 
by H. Condon, S%. Aust. Museum), some of them in various stages of digestion. In the 
mesentery of these frogs were cysts each containing a larval Physaloptera closely 
resembling the smallest of those taken from the snakes. These larvae range from 
5-7-5 mm. in length, 0:-4-0:-52 mm. in width; oesophagus in shortest 1:3-9, in longest 1:5, 
ot body length. Excretory system as described above. The cysts are disc-like, about 
2 mm. in diameter, their walls containing a dark brown pigment. Similar cysts and 
larvae have been taken from the mesentery of Limnodynastes dorsalis from Adelaide; 
while from Hyla aurea from Sydney, less heavily pigmented cysts were collected, they 
contained Spiropterid larvae being at a much earlier stage of development and not 
definitely recognizable as Physaloptera, but we consider it probable that they belong to 
the same species. 

Our adults differ from P. antarctica Linst., as described by Irwin-Smith (1922), in 
the relative sizes of the spicules, the shape of the longer spicule, and the size of the 
denticles on the lips. Ortlepp’s description of P. antarctica (1922, p. 1067) gives a quite 
different account of the spicules which agree with those in our material. As Ortlepp 
did not mention the presence of denticles in P. antarctica, but did so when describing 
other species of the genus, it may be assumed that they were absent or insignificant in 
his specimens. The chief differences between the accounts of P. antarctica given by 
these two authors concern spicules and the denticles, neither of which was mentioned 
by Linstow. Thus neither account seems to be more applicable to Linstow’s species 
than the other; but as Miss Irwin-Smith’s work has priority over Ortlepp’s, her 
description should stand as an emendment of Linstow’s, and Ortlepp’s species must be 
regarded as distinct. We suggest the name P. confusa for our species from the tiger 
snake and place Ortlepp’s specimens from Python spilotes under it. 


PHYSALOPTERA ANTARCTICA Linstow. 


We have previously identified P. antarctica Linst. from Varanus varius (1941a) and 
V. gouldi (1941b) from Kangaroo Island, S. Aust., in both cases the specimens agreeing 
with the description given by Miss Irwin-Smith (1922). 

Linstow’s specimens were collected in South Australia from the death adder, 
Acanthophis antarctica, and a blue-tongued lizard, Cyclodus (i.e., Tiliqua) occipitalis. 
Acanthophis probably should have been selected as the type host because of the specific 
name of the nematode, but as Irwin-Smith was the first reviewer and gave a more 
extended description based on Tiliqua, she thereby definitely fixed the species. She 
added typica and lata as varietal differentiations. Our P. confusa is distinct from both 
of these forms. Miss Irwin-Smith’s specimens came from Tiliqua scincoides from New 
South Wales, but she mentioned (1922, p. 242) that the lizard, Hgernia cunninghami, 
was possibly the host for lata. Ortlepp’s material was from Python spilotes and Varanus 
varius trom Australia, apparently from European Zoological Gardens (probably London). 
We have examined the alimentary tracts of six specimens of Acanthophis antarctica 
from South Australia without having found any parasites in them. The discrepancy 
between the two more recent accounts is referred to under P. confusa, and it seems 
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likely that two species are concerned, viz., P. confusa from snakes and P. antarctica (as 
described by Irwin-Smith) from lizards. 


GONGYLONEMA ALECTURAE, Nn. Sp. Figs. 1-2. 


From the brush turkey, Alectura lathami, collected by the late Dr. T. L. Bancroft 
at Hidsvold, Queensland. Males about 35 mm. long; females 90-100 mm. Bosses on 
anterior end extending for 0:64 mm. in male and 1 mm. in female from anterior end of 
worm; continuous lateral flange not present but a series of short flanges along lateral 


Figs. 1-2.—Gongylonema alecturae, n. sp. 1. Anterior end of female. 2. Male tail. 
Figs. 3-5.—Vagrifilaria australis, n. sp. 3. Head, ventral view. 4. Anterior end of female. 
5. Male tail. 


Figs. 6-8.—Physaloptera confusa, n. sp. 6. Inside of lip. 7. Bursa. 8. Tip of longer spicule. 

Figs. 9-11.—Contracaecum eudyptulae, n. sp. 9 and 10. Ventral and dorsal views of head. 
11. Male tail. : 

Fig. 12.—Ascaridia catheturina (Johnston). Male tail. 

Figs. 1, 2, 3, 9, 10 and 11 to same scale; figs. 4 and 7 to same scale; figs. 6 and 8 to same 
scale, ¢, cervical papilla; 7, nerve ring. 
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lines in embossed area. Cervical papillae 0:12 mm. from head in both sexes, eacli 
situated on circular boss. Excretory pore 0:56 mm. from head in female. Vestibule 
0:04 mm. long in both sexes. Oesophagus 5 mm. in male, 9 mm. in female; anterior 
part much narrower, 0:48 mm. in male, 0:6 mm. in female. Nerve ring 0:18 mm. in 
male, 2 mm. in female, from head. 

Male: Alae asymmetrical, that on one side being wider. Spicules very unequal; one 
shorter (on same side as wider ala) S0u long, stout, tapering; longer 18:3 mm. long, 
very fine, ending in barbed tip. Six pairs preanal and three pairs postanal papillae, 
those on same side as wider ala and shorter spicule spaced further apart; on this side 
probably two very shallow additional papillae near posterior end of alae. 

Female: Posterior end of body somewhat swollen; anus 0:16 mm. from tip. Ovaries 
at opposite end of body; uteri uniting a little posterior to midbody; vulva 18 mm. from 
posterior end in worm, 86 mm. long (i.e., at about one-fifth body length). Eggs thick- 
shelled, 55u by 35u, containing embryo. The species differs from others described from 
birds chiefly in the position of the vulva. 


VAGRIFILARIA AUSTRALIS, nN. Sp. Figs. 3-5. 


From the coelome of the swamp pheasant or coucal, Centropus phasianus, trom West 
Burleigh, southern Queensland, collected by Dr. O. W. Tiegs. Length of female 40—45 
mm.; male 25 mm. Head rounded with two large and three small papillae on each side, 
the small ones more anteriorly situated than the large. Oesophagus of two regions; 
anterior portion 0-46 mm. long in female, 0-4 mm. in male; posterior part wider, 6-44 mm. 
long in female, 6-6 mm. in male. Nerve ring just posterior to middle of anterior part 
of oesophagus; excretory pore and rounded cervical papillae just anterior to junction of 
two regions of oesophagus. : 

Male: Tail rounded, 0:17 mm. long, without alae. Two pairs preanal and three 
pairs postanal papillae, and a small terminal papilla. Spicules equal, massive, spatulate, 
blunt-tipped; 0:25 mm. long. 

Female: Anus 0:14 mm. from rounded posterior end. Vulva 0-9 mm. from head in 
worm 40 mm. long. Eggs 55u by 30u, containing coiled larva. 

The species resembles members of the genus Vagrifilaria in the shape of the head, 
the presence of papillae on the head, the form of the spicules and the absence of caudal 
alae in the male. It differs, however, in the relative sizes of the two regions of the 
oesophagus and in the lengths of the male and female tail. It is very close to 
Coronofilaria, but differs in the absence of a cuticular collar around the head, and of 
small papillae all over the body, as well as in the characters of the oesophagus. 

Linstow in 1887 recorded Filaria sp. from a related host, Centropus ateralbus from 
the Bismarck Archipelago. The length of the females agrees with ours, but in the 
absence of males, Linstow did not give any further description. 


ASCARIDIA CATHETURINA (Johnston). Fig. 12. 


Several specimens of this species were taken from a brush turkey, Alectura lathami, 
by the late Dr. T. L. Bancroft, at Eidsvold, Queensland. The present material agrees 
with the original description in all particulars except the number of papillae on the 
male tail. These are arranged as follows: a pair at the level of the sucker, a pair 
midway between the sucker and the cloaca, a group of six at each side of the cloaca, 
a pair halt-way down the tail, and a group of three on each side nearer the tip of the 
tail. The median pre- and post-cloacal papillae originally described were not observed. 
A re-examination of a cotype male of the species showed that the arrangement of the 
papillae agreed with the above description. 


SUBULURA DIFFERENS (Sonsino). 


From a coucal, Centropus phasianus, from West Burleigh, Queensland (coll. Dr. 
O. W. Tiegs). The normal hosts are galliform birds. 


CONTRACAECUM EUDYPTULAE, n. Sp. Figs. 9-11. 


The species was obtained from the digestive tract of fairy penguins, Hudyptula 
minor, trom various places on the Australian coast: Encounter Bay (coll. Dr. Cleland) ; 
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Goolwa (coll. E. Cotton); Fremantle (coll. Dr. Cleland); Derwent River, Tasmania; 
Portland, Vict.; Western Port, Vict. (coll. Dr. Nicholls); Brighton, S. Aust.; Wollon- 
gong, N.S.W.; and from Sellicks Beach, S. Aust. (S. Aust. Museum). Male 12-25 mm., 
female 13-41 mm. long. Head much wider than long and narrower than succeeding 
body. Lips without lateral cuticular flanges; with antero-lateral rounded projections. 
Interlabia bifid at tips, nearly as long as lips. Collar long. Oesophagus 1:6-1:10 body 
length (latter ratio in older specimens); oesophageal appendix 1:3-1:4 and intestinal 
caecum 1:3-1:5 of oesophageal length. Nerve ring 0:4-0-6 mm. from head end, and 
small cervical papillae a little behind this level. 

Male: Spicules very long, 1:1:7-1:2:8 of body length, alate, alae ending just before 
tips. Twelve or more pairs preanal papillae; six pairs postanal. 

Female: Vulva 1:2-6-1:3:3 of body length from head. Tail conical, pointed, about 
0:25-0:32 mm. long. Eggs more or less spherical, with pitted shells, 25-30u diameter. 

Our species is very close to C. spiculigerum but is distinguishable by its longer 
spicules and by the shape of the lips. In C. spiculigerum the antero-lateral projections 
of the lips are rather rectangular, and when the lip is viewed from the side, do not 
project much beyond the level of the rest of the lip, but in the species from Hudyptula 
they are rounded and, when viewed laterally, project anteriorly beyond the level of the 
lip. 


ANISAKIS Sp., larvae. 


Two small collections from Hudypiula minor trom Broughton Island, N.S.W. 
(collected by the late Prof. L. Harrison). Length about 9-12 mm. In specimen 10:7 mm. 
long, 0:3 mm. wide, anterior part of oesophagus 1:52 mm. long; ventriculus 0:36 mm.; 
nerve ring 0-24 mm. from head; and tail 72u long, ending in short spine 10u long. Lips 
are not fully developed but one can recognize that there are three and that interlabia 
are absent. In some worms the lips are less developed and a larval tooth is present. 
The specimens perhaps represent Anisakine larvae liberated from fish and may not be 
normal parasites of penguins. 


PHARYNGODON LIMNODYNASTES, N. Sp. 


From Limnodynastes dorsalis dumerilii, taken from a tiger snake, Notechis scutatus, 
at Tailem Bend, S. Aust. Females only present; length 4:9-5-2 mm., breadth 0:-4-0-48 mm. 
Three lips very shallow; three triangular teeth; vestibule practically absent. Oesophagus 
0:56 mm. long, terminal bulb spherical, 0:12 mm. diameter; nerve ring 90u from head; 
excretory pore not seen. Narrow lateral alae extending from head to anus; latter 0:7 mm. 
from posterior end of body; tail ending in spike 0-65 mm. long, without spines. Vulva with 
salient lips, 0-8-1 mm. from head. Eggs thin-shelled, with embryo, 3lu by 110uw. 

The species differs from other Pharyngodon known from frogs in the more anterior 
position of the vulva, the more elongate eggs, and the shape of the teeth. 
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Introduction. 


In four previous papers by the author (1936, 1938, 1941@ and 19416) the effect of 
salts in solution, pH values, and temperature on certain of the above species have been 


presented. 


The tollowing paper gives the results of some experiments which fill gaps 


in the previous work, and presents a summary of the effect of the various factors on the 


three species. 


Laboratory Experiments. 


The technique of breeding, maintaining pH values, etc., was similar to that described 


in previous papers. 


The symbol S%, indicates grams of salts per 1,000 gm. of water. 


TABLE 1. 


First instar larvae of A. aegypti hatched in distilled water and transferred within 12 hours to 


tap-water of various pH values, plus food. 


Twenty larvae in each experiment. Constant 


temperature, 80° F. 


Larval and 


No. of pH No. of Pupal Period Mean per cent. 
Experiment. Values. Adults. in Days. Adults. 

1 20 | 

2 20 

B} 6:8 to 7-2 20 Zo) ala: > 99 
4 20 | 

5 19 J 

6 11 

7 10 

8 3°6 to 4-2 15 10 to 14 59 

9 12 | 

10 11 J 

ial 20 

12 19 
13 9-2 to 9-5 18 10 to 12 97 
14 20. | 

15 20 3) 


TABLE 2. 


First instar larvae of A. concolor hatched in sea-water and transferred within 12 hours to sea-water 
of various pH values, plus food. Twenty larvae in each experiment. Constant temperature, 70° F. 


Larval and 


No. of pH No. of Pupal Period Mean per cent. 
Experiment. Values. Adults. in Days. Adults, 

1 14 

2 16 | 

3 4:0 to 4-2 17 ZetOmos 77 
4 15 | 

5 15 J 

6 19 7 

7 20 | 

8 1-8 tor 822 20 16 to 22 > 89 

9 16 | 

10 14 J 
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TABLE 3. 
First instar larvae of A. aegypti hatched in distilled water and transferred within 12 hours to various types of water, plus 
food. Twenty larvae in each experiment. Constant temperature, 80° FF. 


No. of 
No. of Comp. of Water. 4th Instar No. of No. of Mean per cent. 
Experiment. Larvae. Pupae. Adults. Adults. 
1 — = 20 ‘| 
2 = — 20 
3 Distilled water — 20 19 | 99 
4 = = 20 | 
5 = = 20 J 
6 20 19 19 
7 Distilled water plus 20 20 20) | 
8 sea-water 20 20 20) \ 96 
9 S%e 10 20 19 18 | 
10 20 19 19 J 
rl 0 ae = 
12 Distilled water plus 0 a= aa | 
13 sea-water 0 — ve \ 0 
14 S% 13 0 = ae | 
15 ) — — J 
TABLE 4. 
Pupae of A. aegypti bred in tap-water S%o 0:06, and transferred within 12 hours of pupation 
to saline water. Twenty larvae in each experiment. Constant temperature, 80° F. 
No. of No. of Mean per cent. 
Experiment. Comp. of Water. Adults. Adults. 
1 20 | 
2 Sea-water 20 
3 S'%o 35D 20 | 100 
4 20, | 
5 20 J 
6 20 E 
7 Sea-water plus salts 19 | 
8 S%o 70 Ome - 99 
9 20 | 
10 20 J 
TABLE 5. 
General summary of preceding work. 
Factors. A. concolor. A. aegypti. C. fatigans. 
Tap-water, S%- 0-06 ne ae ngs ae ls aE aE oo 
Distilled water, S% 0 .. Ee Ss bs Ae = aa + 
Diluted sea-water, 5% 10 + ae alk 
Diluted sea-water, 5 %o 13 : Ba ice es + — — 
Sea-water, S%o 35 et as nu Ne ne: af = = 
Sea-water, S%o 70 HG ae 3 — — = 
Distilled water plus NaCl, 8%. 0-1 or 0-05 ES ate ++ at 
Distilled water plus NaCl, S% 0-025 fe oe _ ar se 
Distilled water plus KCl, CaCl., ete., S%e O-1.. an = ar ar 
pH 6°8 ae we a 29 ane ve st ar ar 
pH 8-2 ae Bs ae ep alt a ae 
pH 9-5 AP ie “ oe ae: Bo +>P +>F 
pH 4-2 Me Ars ia ahs iG +>P +>P +>P 
Tap-water, 5% 0:06, 70°F... we ee a: + == + 
Tap-water, S% 0:06, 80°F... ae oe ts — “+ : ae 
Sea-water, S% 35 and 70, 80° I. ae ae ae 4- — = 
Diluted sea-water, $%o 5 (oviposition) “6 AG +0 —0 =—() 


Diluted sea-water, S% 10 (oviposition) ee Ne —0 —0 —0 
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In Table 1 tor A. aegypti, pH values of 6:8 to 7-2 represent those obtained in normal 
tap-water in the control series. If the pH of the water is maintained at 9-2 to 9-5 the 
developmental period is slightly lengthened, but the total percentage of adults is not 
affected. When the pH is lowered to 3:6 to 4:2 the developmental period is again some- 
what lengthened, but a significant reduction in the number of adults occurs. 

In Table 2 for A. concolor pH values of 7-8-8:2 are those occurring in normal sea- 
water plus food. When this sea-water is maintained at 4:0 to 4:2 by the addition of 
acetic acid, the percentage of adults is not significantly affected, but the period of 
development is considerably extended. 

Table 3 shows that A. aegypti can develop normally in distilled water, or diluted 
sea-water of a salinity of 10 gm. per thousand, but is killed in water of S%, 13. These 
results agree with those obtained by Wigglesworth (19388). 

Table 4 shows that pupae of A. aegypti are not affected in any way by salinities of 
35 gm. or 70 gm. per thousand, if transferred from tap-water a few hours after pupation. 
Similar results were obtained with pupae of Culex fatigans (Woodhill, 1938). 

Table 5 gives a complete summary of the previous work with the three species. The 
sign + indicates that normal development takes place, — that no development takes place 
or a high mortality occurs, >P indicates that the developmental period is prolonged, 
—) indicates that the species shows an oviposition preference for distilled water as 
compared with the salinity given in the table, and +0 that there is no preference for 
distilled water as against the salinity listed. 


SUMMARY. 


Of the three species A. concolor is restricted entirely to salt-water rock pools at or 
near high-tide mark, C. fatigans is a domestic species which breeds in artificial containers 
or ground water, with a preference for foul water, while A. aegypti breeds only in 
artificial containers or occasionally in tree holes, near human dwellings, and prefers 
fairly clean water. From Table 5 it will be seen that A. aegypti and C. fatigans will 
develop in distilled water and in salt-water up to S%, 10, while A. concolor will not 
develop in distilled water but will breed normally in sea-water up to S%, 70. In 
addition the first two will breed in tap-water S%, 0:06 at 80° F., while a heavy mortality 
occurs in A. concolor under those conditions. A. aegypti and C. fatigans show a distinct 
oviposition preference for distilled water as compared with water of S%, 5, while 
A. concolor does not differentiate between these two waters. The difference in oviposition 
responses is even more, marked with water of higher salinity, as shown in a previous 
paper. (Woodhill, 1941a.) All three species will develop through a considerable range 
of pH values, though the period of development is somewhat lengthened with very high 
~ or very low values. The pupae of all three species are not affected by salinities up to 
S% 70. 

These marked physiological differences readily explain why A. aegypti and 
C. fatigans do not breed in the same type of water as A. concolor, but the factors which 
prevent A. concolor from breeding in freshwater pools, swamps, or artificial containers 
are not yet apparent, and require further investigation. 
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(Plate ii; three Text-figures. ) 
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Introduction. 


The establishment of leguminous crops in the general agricultural systems in 
Australia has received widespread attention in recent years. In the wheat-producing 
districts this must be considered a matter of great importance, in view of the insufficiency 
of non-symbiotic nitrogen fixation, aS compensation for the nitrogen demands of the 
cereal crops, as previously discussed (Jensen, 1940). As a sequel to this work, 
investigations on symbiotic nitrogen fixation have therefore been undertaken; the 
present paper deals with the general biological properties of root-nodule bacteria from 
those species of medics and clovers that are likely to be of most importance in the 
Australian wheat districts. In spite of some valuable contributions in recent years, 
e.g., by Strong (1937, 1940) and Vincent (1941), our knowledge of the rhizobia of local 
occurrence is still very incomplete. Particular importance attaches to the question of their 
nitrogen-fixing capacity, since ‘ineffective’ types of rhizobia have often been stated to 
occur frequently in “wild” leguminous plants (Wilson, 1940); such organisms can some- 
times be so richly represented in the soil that they constitute a problem of practical 
significance by suppressing the effective rhizobia supplied as inoculum to the seed 
(Nicol and Thornton, 1941). Since artificial inoculation of leguminous seeds has not 
yet reached very large proportions, ‘“‘wild” rhizobia are presumably responsible for most 
ot the nodule-formation in legumes in the Australian wheat districts, particularly in the 
prevalent self-sown legumes like burr-trefoil (Medicago hispida var. denticulata) and 
ball-clover (Trifolium glomeratum), and to some extent probably also in sown annuals 
which, like subterranean clover, maintain their stand by self-sowing. Furthermore, 
since the soils in large areas of the wheat-belt of New South Wales are more or less 
acid, it is important to get information on the influence of reaction on growth and 
infectiveness of the rhizobia, and nitrogen-fixing power of the plant-rhizobia complexes. 
This acquires particular significance in view of the earlier statements of Stevens (1925) 
and Wright (1925) concerning the existence, within the same inoculation-group, of 
different types of rhizobia with different pH-limits and -optima, allegedly correlated with 
differences in general cultural characters, serological properties, and nitrogen-fixing 
efficiency. Later studies (Fred ef al., 1932; Wilson, 1940) have failed to trace definite 
correlations within the last group of characters, but the question of pH-tolerance in 
relation to efficiency does not seem to have been followed up, in spite of its obvious 
significance, which becomes even greater in view of the later discovery of “host-plant 
specificity’ (Strong, 1937; Wilson, 1940) and the far-reaching observations by Nicol 
and Thornton (1941) on the relative growth-rates of rhizobia as determining the infection 
of legume roots by competing strains of rhizobia. To find out whether any correlations 
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exist between adaption to host plants, tolerance of acidity and other physiological 
characters in rhizobia obtained from different localities, has been the aim of the 
experiments discussed here. 


Material and Methods. 


Altogether twenty-four strains of Rhizobium meliloti and twenty-four of Rh. trifolii 
were isolated from the following host plants and localities: 


Rhizobium meliloti— From lucerne (Medicago sativa), 3 strains (Canberra, A.C.T.; 
Lawes, Qd.; Crawley, W. Aust.).—From burr-trefoil (M. hispida var. denticulata), 6 
strains (Sydney, N.S.W. (2); Finley, N.S.W.; Temora, N.S.W.; Canberra, A.C.T.; Lawes, 
Qd.)—From M. hispida var. apiculata, confinis, and lappacea, 1 strain from each 
(Canberra, A.C.T.).—From M. falcata, 2 strains (Canberra, A.C.T.; Lawes, Qd.).—From 
M. lupulina, 2 strains (Canberra, A.C.T.; Crawley, W. Aust.).—From M. arabica, coerulea, 
gaetula, minima, murex, orbicularis, scutellata, and truncatula, 1 strain of each 
(Canberra, A.C.T.). 


Rhizobium trifolii—From Trifolium glomeratum, 9 strains (Temora, N.S.W. (2); 
Narrandera, N.S.W. (2); Parkes, N.S.W.; Stockinbingal, N.S.W.; Canberra, A.C.T. (2); 
Crawley, W. Aust.).—From T. repens, 4 strains (Sydney, N.S.W.; Canberra, A.C.T.; 
Lawes, Qd.).—From T. subterraneum, 4 strains (Sydney, N.S.W.;: Canberra, A.C.T.; 
Crawley, W. Aust.) —From 7. pratense, 1 strain (Lawes, Qd.).—From T. arvense, 
cernum, dubium, and procumbens, 1 strain from each (Canberra, A.C.T.). 

Two isolates from root nodules of burr-trefoil (from Cowra, N.S.W., and Crawley, 
W. Aust.) proved incapable of infecting their host plant as well as lucerne, and turned 
out actually to be Rhizobium trifolii, producing normal nodules and inducing good 
growth in both white and subterranean clover; culturally and physiologically they 
resembled the other clover-rhizobia. They probably represent contaminants that had 
gained entrance to the nodules together with the proper symbionts, such as Bacterium 
radiobacter frequently, and other bacteria occasionally, will do (Fred et al., 1932). 

All isolates were obtained by plating on yeast-extract mannite agar (Fred et al.. 
1932) from contents of healthy-looking nodules externally sterilized with alcohol and 
mercuric chloride. The pure cultures were maintained on the same medium or on 
potato-extract agar with 1% sucrose; this medium seemed even more favourable. All 
subsequent data refer to cultures grown at 28—-30°C., unless otherwise stated. 


Hxeperimental Results. 


Cell morphology. In this respect all strains of both species showed a normal 
appearance (Fred et al., 1932). The prevalence of motile forms varied to some extent, 
and a few strains of Rhizobium trifolii showed branched, bacteroid-like forms already 
in quite young (2-3 days) cultures on potato-extract agar, but no definite subgroups 
could be distinguished. 


Growth on agar was, in all freshly-isolated strains, true to type: in Rhizobium 
meliloti raised, smooth, soft and white, somewhat varying in abundance and degree of 
opacity, and in Rhizobium trifolii very voluminous and fluid, whitish, semi-transparent, 
in a few strains extremely viscid. In neither species was there any clear-cut separation 
into subgroups, as observed by Stevens (1925) and Wright (1925). Variant colony-types 
arose in some strains after prolonged cultivation, as discussed below. 

Growth in liquid media (yeast-extract mannite solution, or soil extract with 1% 
sucrose) started in both species as a faint uniform turbidity gradually collecting into a 
slimy sediment. Rhizobium meliloti also gradually formed a more or less coherent 
surface pellicle. In synthetic solution (1% mannite, 0:05% NaNO8, and mineral salts) 
no visible growth was produced by any strain of Rhizobium trifolii, while the meliloti- 
strains gave only a feeble growth which tended to disappear in subsequent transfers. 
An authentic strain of Bacterium radiobacter, obtained from the Department of Agricul- 
tural Bacteriology, University of Wisconsin, grew well on continued transfer in this 
medium; apparently it. is independent of biotin, the essential growth-factor for the 
rhizobia (Wilson, 1940). Upon the whole the differences between this organism and the 
rhizobia seem, as shown by subsequent tests, to be more of a quantitative than a 
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qualitative nature (cf. also Hofer, 1941); indeed, there is a good deal to suggest the 
idea that Bacterium radiobacter may be neither more nor less than a rhizobium which 
has lost its infective power and adapted itself to a purely saprophytic existence. 

Growth on potato was very scant (often absent), whitish-grey at first, but in a few 
strains of both species it assumed after 2-3 weeks a faint brown colour similar to, but 
much less intense than, that of Bacterium radiobacter, which showed rapid, abundant 
growth of the typical rust-brown colour (Hofer, 1941). Isolates from such brown growth 
of the rhizobia showed unaltered cultural characters and nodule-forming capacity. 

Growth in milk. All strains of Rhizobium trifolii showed the normal behaviour 
(Fred et al., 1932): early formation of a clear surface-zone becoming 1—2 cm. deep after 
5-6 weeks, and change of the initially acid reaction (pH 6-:2-6:3) to faintly alkaline 
(pH 7:0-8-2).* A very faint brownish colour of the milk was noticeable after long 
incubation, again similar to, but much weaker than, Bacterium radiobacter, which 
rapidly produced a clear zone, alkaline reaction, and light coffee-brown pigment. The 
strains of Rhizobium meliloti fell into two fairly distinct groups. One of these comprised 
eleven strains (two from lucerne, two from WM. falcata, the rest from M. coerulea, gaetula, 
lupulina, minima, orbicularis, scutellata, and truncatula), which, as expected, formed a 
clear surface-zone after 1-2 weeks, and with one exception a more or less acid reaction 
(pH 4-8—5:6 after 5-6 weeks). In some cases the milk was actually coagulated, and no 
contaminants could be detected in such cultures; previously, coagulation of milk by 
rhizobia seems to have been recorded only by Topley and Wilson (1936). The exception 
was represented by a strain from lucerne, in all other respects typical, which rendered 
the milk faintly alkaline (pH 7:1-7:6). Another group of twelve strains, viz., the nine 
from the different varieties of M. hispida, and three from M. arabica, lupulina, and 
murex, tailed regularly to produce a clear zone, even after two months, and left the 
reaction unchanged; growth was not macroscopically visible, but tests on agar showed 
large numbers of viable rhizobia after incubation. Only by the use of extra heavy 
inoculum (a big loopful of cell-material from agar slope) could some strains be induced 
to form a zone after 4-5 weeks; in these cases the reaction was changed towards 
neutrality (pH 6:4-6:7). Finally, one strain from lucerne showed an inconstant but 
mostly negative zone-formation which, when positive, was accompanied by acid formation. 
The appearance of some typicai cultures is shown in Plate ii, fig. 2. 

The lack of zone-formation, which thus seems characteristic of the rhizobia from 
M. hispida, showed no correlation with other cultural characters or with the ability to 
ferment lactose, but may be connected with a lesser ability to utilize the nitrogen- 
compounds of the milk. Tests on plates of milk-agar (equal parts of skimmed milk and 
tap-water with 3% agar, sterilized separately and mixed in Petri dishes) showed a heavy, 
opaque, white to pale yellow growth of the zone-positive, and a much weaker, semi- 
transparent, colourless growth of the zone-negative strains. 

Fermentation of carbohydrates was tested in a solution containing 1% of the 
compound to be tried, 1% of yeast extract (of dry yeast autoclaved with 10 times its 
amount of tap-water), 0:05% K.,HPO,, 0:02% MgSO, 0:01% NaCl, and 0:00025% bromo- 
thymol-blue; initial pH 6:7-6-9. Readings of duplicate test-tube cultures with 4 e.c. of 
medium were taken after 7 days, frequently checked by electrometric pH-determinations. 
The results (Table 1) show no definite subgroups within each species, except perhaps 
in regard to the fermentation of dulcite by Rhizobium meliloti, but this is not correlated 
with any other character or the origin of the strains. Compared with the results of 
Baldwin and Fred (1927), the present data show Rhizobium trifolii to have definitely 
stronger fermenting power than Rh. meliloti, as regards both the degree of acidity 
produced and the number of compounds attacked; for instance, Baldwin and Fred’s 
trifolii-strains fermented dulcite only feebly, and sucrose and raffinose not at all. It 
remains uncertain whether this discrepancy is due to inherent differences in the 
organisms or to differences in the medium, such as the circumstance that the present 
basal medium is richer in growth-compounds, especially biotin, than the nitrate-agar 
chiefly used by Baldwin and Fred. The former possibility seems the more likely, 
since Baldwin and Fred found only weak acid-formation by Rhizobium trifolii in their 


* All pH-determinations were carried out by means of the glass electrode method. 
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supplementary tests with medium containing yeast extract. Verification of the results 
by means of Baldwin and Fred’s technique (agar slopes) unfortunately had to be 
given up, owing to the necessity of conserving agar under prevailing war conditions. 


TABLE 1. 
Fermentation Reactions of Rhizobia. 


Rhizobium meliloti. Rhizobium trifolii. 
a —— = mes = Lowest pH 
] observed in 
| ses + 0 = + + ® y= 
== | = = a 

Glycerine .. | 2 20 2 | 10 13 1 Rh. meliloti in: 
Mannitememmese |) | 4.2 22 | 19 5 | Mannite .. 6-06 
Duleite a Ashe OLS aes 18 2 Glucose 5-04 
Glucose... 15 ® | 22 2 Galactose .. 5-22 
Galactose .. | 17 7 23 ] Sucrose .. 6°51 
Sucrose oo | 22 2 L8 5 | 
Maltose at | 24 | 10 14 | Rh, trifolii in: 
Lactose a 6 12 @ | | 17 5 Z| | Mannite 4°67 
Raffinose .. | 24 | | 2 19 | 3 | Glucose 4°77 
Dextrine .. | eer | | 24 | Galactose.. 5:13 
Ca-Gluconate 24 | | | ee Sucrose 4°90 
Control a 1 23 | | | 24 


Figures indicate number of strains showing the following reactions: -++ : strongly acid, indicator pure yellow 
(pH _ 6-0). + : faintly acid, indicator between yellow and green. O: unchanged. —: alkali formation, indicator 
blue. 

Influence of reaction on the growth of rhizobia was first tested by cultivation in a 
liquid medium rich in nutrients and of high buffer-content, containing mannite 1%, 
yeast extract 50%, asparagine 0:2%, K,.HPO, 0:2%, Na-succinate 0:5%, MgSO, 0:02%; 
reaction varied between pH 4:8 and 8-7 by addition of H.SO, and NaOH. Duplicate test- 
tube cultures with 5 c.c. of medium were incubated for 14 days; several controls showed 
no growth after longer incubation in cases where it had not appeared within that time. 
The results are seen in Table 2. 


TABLE 2. 
Growth of Rhizobia in Yeast-Extract Mannite Solution. 


Number of Strains showing Growth : 


pH of Medium. Rhizobium meliloti. Rhizobium trifolii. 
af = 4p = Ls” 
Tee ee 
4°8 0 24 0 24 Zz i | 
5-0 0 24 0 24 7 
5-2 0 24 10 14 2 \ 
5-4 8 16 24 0 <: <i 
5:6 20 4 24 ) 2, 
5-9 24 0 24 0 “ 
6:4 24 0 24 0 
6°7 24 0 24 0 
eal 24 0 11 13 
026) 24 0 0 24 
8:2 24 0 0 24 
8:7 24 0) 


These figures indicate only a slight difference in the pH-tolerance of the various 
meliloti-strains, for which the limits of acidity lie between those found by Fred and 
Davenport (1918) and Stevens (1925). Rhizobium trifolii also shows little difference 
between strains, but generally a slightly higher resistance to acidity. In the alkaline 
range we notice the surprising fact that growth is suppressed at pH 7:1-7:5. Further 
tests showed that this inhibition at alkaline reaction also existed in cultures on agar 
of corresponding composition, but was less marked in solutions with less buffer-effect, 
and especially when the succinate was omitted. 
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Growth of Rhizobium trifolii in: At initial pH: 
7:0 70913) 79 
I, Complete medium (Table 2) is ne a ae = = 
II. Do., without succinate + + =e 
III. 0: 5% yeast extract, 0:5% encolnate ai as —_ 
IV. Do., without succinate be ae + + 


(The buffer-capacity of these 4 scoieislaras ; is seen in Fig. 1.) 

Since a pH of 7:9 does not per se prevent growth, the effect could hardly be due 
to destruction of some vital factor, like thiamine. Besides in yeast-extract solution, 
the effect was also displayed in soil extract of pH 7:5, and was not specific to succinate; 
0-5% sodium salt of malic, citric, tartaric, lactic, pyruvic, propionic and formic (but 
not acetic*) acid suppressed the growth of all strains of Rhizobium trifolii in a 0:5% 
yeast-extract solution of pH 7:5 more or less completely, while having no effect on 
Rhizobium meliloti and Bacterium radiobacter. Inability to start growth in a highly 
buffered solution of faintly alkaline reaction, especially in the presence of organic 
sodium salts, thus seems a characteristic feature of Rhizobium trifolii. 

Since the composition of the medium apparently influences the pH-tolerance consider- 
ably, another series of experiments was made in a solution of less buffer-capacity and 
without organic salts, thus avoiding the change to alkalinity which was very marked 
with many acids besides succinic, owing to decomposition of the acid radicle. The new 
medium consisted of extract from a rich humus-soil autoclaved with 5 times its amount 
of water; to the filtrate were added 1% sucrose, 0:05% asparagine, 0:1% K.HPO,, 0:1% 
Na,.HPO, and 0:05% MgSO, Incubation for 14 days gave the following results with 
Rhizobium meliloti: 


Number of strains growing at pH: 


ayeal 5°3 0°95 5:7 Bos) 6-9 
24 — 1b 23 + 24+ 24+ 24+ 
ej l= 


If growth took place at pH 5:3 it was only feeble; this reaction seems thus, as in the 
previous series, to represent the lower limit for growth of Rhizobium meliloti, and about 
half the strains seem to be inhibited at pH 5-5. Although this difference is in itself very 
small, it may assume significance through the fact that it is correlated with the kind of 


after incubation 


pH 


Rare / 0 / ? 


ce ESO} c.c. NaOH pH initial 
Figure 1. Figure 2. 
Fig. 1.—Buffer-effect of nutrient solutions I-IV; c.c. n/28 H,SO, or NaOH per 10 c.c. of 
solution. 
Fig. 2.—Change of reaction in soil extract sucrose cultures of Rhizobium trifolii. I, Sterile 
medium; II, Non-acidifying strain (from TJ. cernum); III, Strongly acidifying strain (from 
T. glomeratum) ; IV, Strain typical of the majority (from T. subterraneum). 


* According to Tam and Wilson (1940), acetic acid is not readily dehydrogenated by 
Rhizobium trifolii. 
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host plant and the zone-formation in milk. The strains failing to grow at pH 5:3 were 
largely those isolated from M. hispida and failing to produce a clear zone in milk, as 
shown thus (omitting the strain from lucerne that gave variable results) : 


Zone No Zone 

Formed. Formed. 
Growth at pH 5:3 a 5:0 - 8 2 
No growth at pH 5:3 se ae 3} 10 


The value of x? (Fisher, 1935) in this fourfold table (n = 1) is 7-738, which is beyond 
the 1% point of significance. Determinations of pH after 14 days showed only minor 
changes which, however, indicated a certain shifting of the reaction towards middle 
pH-values (5:8-5:9), as shown in Table 3. 


TABLE 3. 


Change of Reaction in Soil-Eatract Cultures of Rhizobium meliloti. 


pH Initially. pH after Incubation. 

Calculated. Found. : Lowest. Highest. Mean. 

5:1 5:13 (No growth) 

Die By SPX} 5:58 5-94 Dela 

yf) 5°50 5°50 6-04 5:82 

27 5-68 bat 6-10 5-92 

5-9 5-92 5°70 Ge22 5-93 

6:9 6°86 6:28 7°04 6-55 


A corresponding experiment with Rhizobium trifolii showed the following numbers 
of strains being capable of growth at pH: 


4-7 4-9 Beal a°3 5°95 5°38 6-1 7:5 79 
24 — Ila 10-+ 22. 24 + 24+ 24+ 24+ 24+ 
23 — 14— B= 


There is also here some indication of two groups separated by a very narrow 
pH-interval, with limits near pH.5:1 and 5:3, besides two slightly more sensitive strains, 
and finally one which, like Bacterium radiobacter, resists pH 4:9. This strain, however, 
was found to be non-infective, although typical in every other respect. The change in 
reaction was less uniform than in Rhizobium meliloti, as might be expected in view of 
the more vigorous sucrose fermentation; some strains constantly lowered the pH, 
especially in the alkaline range, a few others caused very little change, and the majority 
had, like Rhizobium meliloti, a more or less pronounced tendency to equalize the reaction 
to a range of pH 5-6-6-2. Examples of these three types are seen in Fig. 2. 

Generally the limits of acidity for cell multiplication thus seem to lie at pH 5:3-5:5 
in Rhizobium meliloti, and at pH 5:1-5:3 in Rh. trifolii. A somewhat stronger acidity can 
apparently be tolerated by cells already developed, as suggested by the lowest pH-values 
observed in the fermentation tests (Table 1). In addition, in a physiologically acid 
solution (soil extract with 1% sucrose and 0:1% (NH,).SO,) of initial pH 6:4, many 
strains of Rhizobium trifolii lowered the pH to 4:6-4:9. Rh. meliloti produced only small 
changes (pH 5-5-5:6 lowest). 

The appearance of the cultures suggested that the optimal reaction for Rhizobiwm 
meliloti was approximately neutral, but for Rh. trifolii in the buffered solution definitely 
on the acid side (pH 5:6-5:9). Some quantitative experiments were made in order to 
check this. Three strains of Rhizobium meliloti and three of Rh. trifolii were grown for 
7 days in mannite-solution with 5% yeast extract but no Na-succinate, adjusted to 
9 pH-values between 4:5 and 8:7; the change in pH was then measured, and the bacterial 
substance was removed by sharp centrifugation, dried, and weighed. The pH-change was 
mostly slight, not exceeding 0-5 unit, and rarely 0:25. The weights of bacterial mass are 
shown in Fig. 3. In this well-buffered solution Rhizobium meliloti grows best at pH 7-8, 
somewhat varying according to the strain; the one from M. hispida even fails to grow 
at pH 5:9. Rhizobium trifolii grows decidedly best at acid reaction, viz., pH 5-5-6-5; the 
most vigorous strain (T.g.—44) shows some growth even at pH 4:5. A supplementary 
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experiment was made with the two most rapidly growing strains in a less buffered 
medium: soil extract with 1% mannite, of 8 pH-values from 5:0 to 8:0. The results, after 
14 days, are included in Fig. 3. Rhizobium meliloti again grows best at neutral reaction, 
but Rh. trifolii is not much influenced; the yield, indeed, is highest at initial pH 6-5-7-0, 
but these values had dropped to 5:3-5:6 during growth. 


[3 


/0 


15 


Bacterial dry matter, mgm. 


/0 


pH initial 
Fig. 3.—Growth of rhizobia in solutions of different reaction. A. Rhizobiwm meliloti in 
yeast-extract mannite solution. I, from WM. lupulina; II, from M. sativa; III, from M. hispida 
var. denticulata. B. Same medium, Rhizobium trifolii. I, from T. glomeratum; II, from 
T. subterraneum; Ill, from T. repens. C. Soil extract. I, Rhizobium meliloti; 11, Rhizobium 
trifolii. Yield of dry bacterial substance, mgm. per 25 c.c. of medium. 


Generally there seem to be only minor differences in the pH-tolerance of the strains 
within each species; if anything, the meliloti-strains from M. hispida and a few others 
appear slightly more sensitive to acidity than the rest. Rhizobium trifolii is not only 
more acid-tolerant, but actually displays an optimum at moderately acid reaction—a point 
of obvious significance in the infection of roots under natural soil conditions; it is 
important to note that this optimum applies to total cell-growth and is different from 
the pH-optima for respiration and dehydrogenase-activity (Tam and Wilson, 1941). 
Experiments on the influence of reaction on the ability of rhizobia to infect their host 
plants, as well as on the resulting nitrogen fixation, are in progress. 

Infective power of the rhizobia was tested in aseptic agar cultures. Seeds externally 
disinfected with alcohol and HgCl, were sown, after washing with sterile water, in large 
test-tubes containing 20 or 40 ¢c.c. sterile medium of the following composition: CaHPO, 
0:1%, K,HPO,, MgSO, and NaCl each 0:02%, FeCl, 0:01%, washed agar 0:6%. Two or 
three seeds were sown per tube, and the part filled with agar was wrapped in paper to 
protect the roots from light. When the seedlings had produced the first true leat, they 
were inoculated with the rhizobia to be tested, and left in a greenhouse for observation. 
Nodules usually appeared within 1-2 weeks after inoculation, and after 4-5 weeks the 
difference in appearance between inoculated and control plants became conspicuous if 
“effective” nodules had been produced (PI. ii, fig. 1). By this test all strains of 
Rhizobium trifolii proved capable of forming nodules on white clover, but a few (one 
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from 7’. dubiuwm, two trom 7. subterranewmn) produced small seattered nodules which did 
not seem to benefit the plant. These proved effective on subterranean clover, while 
conversely one strain from this plant failed to benefit white clover. The strains from 
T. glomeratum seemed equally effective on this species and on 7’. repens, pratense, 
subterraneum, and incarnatum. The exceptional strain, isolated from red clover, did not 
produce nodules on any plant, although it appeared normal in other respects. All strains 
of Rhizobium meliloti tormed nodules on lucerne, which constantly showed improved 
growth as a result. A remarkable contrast to this was seen in burr-trefoil: all strains 
produced nodules, but only those isolated from varieties of M. hispida, and M. murez, 
appeared to be beneficial. All the rest gave typical “ineffective” nodulation (Fred 
et al., 1932): innumerable tiny nodules distributed over the whole root system, some- 
times so dense as to appear as continuous swellings of the lateral roots; the leaves and 
stems after two months were stunted, yellowish, showing every sign of nitrogen starva- 
tion, and looking entirely like the uninoculated control plants. A special test was made 
with Medicago tribuloides, of which a specimen from the Institute of Agriculture, 
University of West Australia, Crawley, was found devoid of root nodules, although these 
were plentiful on roots of lucerne and M. lupulina taken from the same plot. All 
meliloti-strains formed nodules on WM. tribuloides, but only those from WM. hispida 
appeared to be effective, as shown by a length-measurement on plants 10 weeks old: 
Height and Standard 


Inoculum. Error, mm. 
es Wy (isodeka: (CS. Sian, PF) EMME) s Sa eo ese eo Boe oo o5 (ee SE BSG) 
ex other Medicago spp. (15 strains, 40 plants) Eee Se a ». 60°38 + 2-14 


Although only tentative, these data suggest that M. tribuloides with regard to host- 
plant specificity belongs to the same group as M. hispida (Burton and Erdman, 1940). 

Nitrogen determinations in a number of clover- and lucerne-cultures about 2 months 
old showed such marked gains in plants with the ‘effective’ type of nodulation (limited 
number of big, elongated nodules, usually with pink pigment) as to suggest that this 
simple method, which is exceedingly convenient for testing numerous strains simul- 
taneously and under identical (even if highly artificial) conditions, might be useful for 
testing not only the identity but also the effectiveness and host-plant specificity of the 
rhizobia. A cross-inoculation experiment was made with five strains of Rhizobium 
trifolii on white and subterranean clover, the former grown for 96 days in 20 c.c. of 
agar, the latter for 98 days in 40 ¢c.c. The results are given in Table 4. 


TABLE 4. 
Cross-inoculation Experiments with Rhizobium trifolii and Rh. meliloti. 


White Clover. Subterranean Clover. 
Inoculum. 
Repl. mgm. N, mean. Repl. mgm. N, mean. 
From white clover (C—5) 4 LOB 4 3°05 
>» » 56 (H-1) 4 1-14 4 cyl 
From subterranean clover (67—3) 4 123 4 3°80 
55 an i (H-2) 4 0-94 4 3:87 
From cluster-clover (Tg—44) 4 0°63 4 3°90 
Uninoculated 5 0-22 5 ILS Gy 
Lucerne. Burr-trefoil. 
From lucerne (94-16) .. ie 4 4-00 2 oGy 
From M. lupulina (ML-34) .. 3 3°96 2 1:08 
From M. murex (MMu-—2) 5 3°69 2 1:79 
From M. h. var. denticulata 3 4-01 P| 2-96 
From M. h. var. apiculata 4 3°50 ) 3:62 
Uninoculated 4 0-72 2; 1-00 


White clover is benefited by all strains, but analysis of the variance shows that the 
one from 7. glomeratum is less effective than the rest, including two from subterranean 
clover. In this species one strain from white clover is completely ineffective, giving 
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the characteristic picture of many tiny scattered nodules; the differences between the 
other strains are not significant. As mentioned elsewhere (Jensen and Vincent, 1941), 
this and the preliminary tests indicate that the reciprocal specificity of white and 
subterranean clover with respect to their nodule bacteria is not, as maintained by 
Strong (1937), a rule without exception. 

A corresponding experiment was made with lucerne, grown for 4 months in 40 c.c. 
ot agar, and M. hispida var. denticulata, grown for 107 days in 75 c.c. of agar. These 
results are included in Table 4. In lucerne all strains are effective without showing 
significant differences, but in burr-trefoil only those of homologous origin show high 
efficiency; one of the others is completely, and two partly, ineffective. These results, 
as well as those found in the preliminary tests, agree fully with.the findings of Burton 
and Erdman (1940), but only partially with those of Strong (1940), who found all 
meliloti-strains more or less effective on various medics but not always on Melilotus. On 
the other hand the results found both with clovers and with medics support Strong’s 
contention that it is doubtful whether there exist any rhizobia that are not effective on 
some host plant or other. 

Upon the whole the agar-culture method appears most helpful when it is desired 
to test a large number of rhizobia for host-plant specificity as well as genuineness, and 
to some extent also for effectiveness with a given host plant, although detection of 
smaller differences in this respect may require cultivation under more natural conditions 
permitting the production of a larger crop. Wilson et al. (1931) found the agar-method 
suitable only for detecting gross differences in effectiveness, owing to the slow diffusion 
of carbon dioxide through the cotton plugs and consequent low rate of photosynthesis. 
Yet in the present tests it appeared that at least in the early stages of growth, nitrogen 
supply and not carbon dioxide tension was the limiting factor, as suggested by the 
considerably faster growth of seedlings in agar with addition of sodium nitrate. 

Dissociation. After cultivation for about 18 months, several strains of Rhizobium 
meliloti showed by plating on potato-extract agar an aberrant colony-type which super- 
ficially resembled R. trifolii by its very voluminous, slimy, semi-transparent growth. Two 
strains, from M. sativa and M. falcata, produced in addition a second aberrant type: 
very opaque, of a firm, almost cartilaginous consistency, with a finely rugose surface, 
later deeply wrinkled, and quickly forming a coherent pellicle in liquid media where 
the original type, as well as the slimy variant, grew with diffuse turbidity. Superficially 
the phenomenon looks like a production of “mucoid” and “rough” variants from an 
originally “smooth” type; whether it is an actual “S-—>R variation” in the true sense, 
which implies antigenic changes (Topley and Wilson, 1936), remains uncertain. 
Preliminary serological tests on a few of the variants have shown no differences in 
antigenic structure.* Very few observations have hitherto been made on dissociation in 
the rhizobia. Almon and Baldwin (1933) mention the arising of variants, sometimes 
pigmented, which had lost their infective power. Israilsky and Leonowitsch (1933) 
describe rough, smooth and intermediate variants of Rhizobium meliloti and Rh. 
leguminosarum from vetch; these were stated to arise both in vitro and in the nodules. 
Serological tests gave no clear results, but the rough types of vetch-rhizobia had less 
fermentative power and produced no zones in milk. The variants encountered here 
produced zones in milk and changes of reaction like their mother-cultures; both the 
slimy and the rough variant of the strain from lucerne had retained the distinctive 
character of producing alkaline reaction in milk. On lucerne in agar culture they all 
formed normal-looking nodules from which they could be recovered in unaltered form 
after an interval of about a month. Experiments on the effectiveness of these variants 
are being continued. 


Discussion. 

The results suggest that strains of Rhizobium meliloti and Rh. trifolii, which are 
per se ineffective, are not commonly found in Australian soils, but on the other hand the 
host-plant specificity presents a very complicated problem in both species. In Rh. trifoli 
the host-plant relations are obviously much less simple than would appear from the 


* These tests were kindly made by Mr. J. M. Vincent, School of Agriculture, University of 
Sydney. 
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results of Strong (1937), and Rh. meliloti seems to comprise at least two groups of strains 
with a kind of non-reciprocal host-plant specificity, one of them wholly or partly 
ineffective on M. hispida, but both effective on lucerne. From a practical point of view 
this implies that in localities where burr-trefoil grows well (‘trefoil country’), lucerne 
is likely to find effective rhizobia even without artificial inoculation; if, on the othe, 
hand, it is intended to introduce varieties of M. hispida into localities where other 
medics have previously grown, it is important to apply artificial inoculation with the 
proper rhizobia, since otherwise there is every likelihood of an ineffective nodulation 
being established. In view of the complicated nature of the problem, caution in drawing 
final conclusions is certainly indicated, but a complete investigation of the phenomena 
of host-plant specificity in Medicago as well as Trifolium appears a matter of equal 
importance froma scientific as well as a practical point of view. 


SUMMARY. 


Twenty-four strains of Rhizobium meliloti and twenty-four of Rh. trifolii were 
isolated from host plants grown in Australia. As a whole they conformed to the general 
descriptions of the two species. Fermentation of carbohydrates did not reveal any 
subgroups within the species, but was stronger in Rhizobium trifolii. The limit of 
acidity for growth of Rh. trifolii was pH 5-1—-5:3, of Rh. meliloti pH 5-3-5-5. In well-buffered 
nutrient solutions, particularly in the presence of organic sodium salts, Rh. trifolii failed 
to grow at pH 7:1-7-5 and had an optimum at pH 5-5-6:5, whereas Rh. meliloti had an 
optimum at pH 7-0-8:0 and could grow at pH-values above 8:7. All strains of Rh. trifolit 
(except one) produced nodules on sterile seedlings and appeared to be effective on some 
species of clover; inefficiency of rhizobia from white clover on subterranean clover and 
vice versa was not found to be a constant phenomenon. All strains of Rhizobium meliloti 
produced effective nodules on lucerne, but in burr-trefoil this only happened with strains 
isolated from varieties of Medicago hispida. These rhizobia belonged to a group of 
strains that seemed to differ from the rest by being slightly more sensitive to acid 
reaction and by not readily forming a clear zone in milk. Some strains of Rhizobium 
meliloti showed phenomena of dissociation which gave rise to two types of variants, one 
producing a mucoid and the other a firm and wrinkled growth. ; 


Acknowledgement. 


The collaboration of Mr. R. C. Betty, M.Sc., who has carried out much of the 
analytical work, is gratefully acknowledged. Thanks are also due to Mr. F. W. Hely, 
B.Sc.Agr., and several other Research Officers of the Council for Scientific and Industrial 
Research for assistance in obtaining plant material, and to Mr. S. Woodward-Smith, 
Department of Medical Artistry, University of Sydney, for the photographs. 


References. 


ALMON, L., and BAaLpwIn, I. L., 1933.—The Stability of Cultures of Rhizobium. J. Bact., 26, 
229-250. 

BaLpwIn, I. L., and Frep, E. B., 1927.—The Fermentation Characters of the Root Nodule 
Bacteria of the Leguminosae. Soil Sci., 24, 217-230. 

Burton, J. C., and ErpMAN, L. W., 1940.—A Division of the Alfalfa Cross-inoculation Group 
(ete.). J. Amer. Soc. Agron., 32, 439-450. 

FisHer, R. A., 19385.—Statistical Methods for Research Workers. 4th Ed., London and Edinburgh. 

Frep, H. B., and Davenport, A., 1918.—Influence of Reaction on Nitrogen-assimilating Bacteria. 
Umer AlgriGs ress, 9s 311-330. 

————, BaLpwin, I. L., and McCoy, E., 1932.—Root Nodule Bacteria and Leguminous Plants. 
Madison, Wis. 

Horpr, A. W., 1941.—A Characterization of Bacterium radiobacter (Beijerinck and van Delden) 
Lohnis. J. Bact., 41, 193-224. 

IsSRAILSKY, W. P., and LrEoNoWwiITSCH, K., 1933.—Dissoziation bei einigen Bakterienarten. II. 
Cent. Bakt., II, 88, 216-235. 

JENSEN, H. L., 1940.—Contributions to the Nitrogen Economy of Australian Wheat Soils (etce.). 
Proc. LINN. Soc. N.S:W., 65, 1-122. 

————, and VINCENT, J. M., 1941.—Specificity between Host Plant and Strain of Rhizobium 
UPOOUM — AWS ds ING 85 ALOE) 

Nicou, H., and THORNTON, H. G., 1941.—Competition between Related Strains of Nodule 
Bacteria and its Influence on Infection of the Legume Host. Proc. Roy. Soc. London, B, 
130, 32-59. 


108 NITROGEN FIXATION IN LEGUMINOUS PLANTS. I. 


STEVENS, J. W., 1925.—A Study of Various Strains of Bacillus radicicola from Nodules of Alfalfa 
and Sweet Clover. Soil Sci., 20, 45-66. 

Strone, J., 1937.—The Influence of Host Plant Species in Relation to the Effectiveness of the 
Rhizobium of Clover. J. Counc. Sci. Industr. Res., Melbourne, 10, 12-16. 

——. , 1940.—Non-effective Associations of Nodule-bacteria and Legumes. J. Aust. Inst. 
Agric. Sci., 6, 1940, 14-20. 

Tam, R. K., and WiLson, P. W., 1941.—Respiratory Hnzyme Systems in Symbiotic Nitrogen 
Fixation. J. Bact., 41, 529-546. 

TOPLEY, W. W. C., and WILSON, G.'S., 1936.—The Principles of Bacteriology and Immunity. 
2nd Ed., London. 

VINCENT, J. M., 1941.—Serological Studies of the Root-nodule Bacteria. Proc. LINN. Soc: 
N.S.W., 66, 145-154. 

WILSON, P. W., 1940.—The Biochemistry of Symbiotic Nitrogen Fixation. Madison, Wis. 

—, HopxKIns, E. W., and Frep, E. B., 1931.—The Fixation of Nitrogen by Leguminous 
Plants under Bacteriologically Controlled Conditions. Soil Sci., 52, 251-286. 

WriIGHT, W. H., 1925.—The Nodule Bacteria of Soy Beans. Ibid., 20, 95-129, 131-141. 


EXPLANATION OF PLATE II. 


Fig. 1.—White clover in agar culture, 2 months old. Left and centre, inoculated with 
Rhizobium trifolii; right, uninoculated. 

Fig. 2.—Cultures of rhizobia in milk, 6 weeks old. From left to right: Rhizobium trifolii 
(from T. glomeratum), Rhizobium meliloti from lucerne, Rh. meliloti from burr-trefoil, Sterile 
control. 
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NOTES ON THE LISTROPHORIDAEH (ACARINA: SARCOPTOIDEA). 


By Cart E. M. GuntHeEr, M.D., B.S., D.T.M. (Sydney), Field Medical Officer, 
Bulolo Gold Dredging Limited, Bulolo, Territory of New Guinea. 


[Read 20th May, 1942.] 


Dr. R. F. Lawrence, of the Natal Museum, recently pointed out in a _ personal 
communication that the mite described by me (1940) as Labidocarpus buloloensis had 
unique features warranting the erection of a new genus to accommodate it. Under the 
stimulus of Dr. Lawrence’s interest, I made a wider study of the Listrophorid genera, 
and reached the conclusion that there are enough genera, divided naturally into groups 
which are sufficiently distinct, to justify the subdivision of the family into four new 
subfamilies. The division suggested here has been based on the style of attachment 
adopted by the various genera. This means that any individual specimen can be assigned 
to its correct subfamily with the minimum of trouble, merely by a rapid inspection of 
the maxillae and legs, which are prominent and easily found. The following key, which 
is based on that of Ewing, but which adopts a different starting point, indicates quite 
clearly the relationship between the proposed new subfamilies, and the salient features of 
each of them: 


Key to the Subfamilies and Genera of the Listrophoridae. 


Ge SS eon OeininlO CIMECAASMClASPELStwe cus elo sce eus rater aNe 8a istietcmer cacataeiet eeisi ae saimeue celeste rsp mlel eases jek sou suena 2 
WWE SSRN haven OCIMeA SAS ClASPELS ar. wenrrcs NH omcteehe Ses eile Gu cit el sal eipetch atten pete Seer seh ol heel susnetelteudbans 
a8 ACOSO REESE CE eC a MYOCOPTINAE, n. Subfam. (Type genus, Myocoptes) .. 8 
Wisi aemnrO Cie CMAaSMClLAS PCS aca pete eMC te he eee as ones res Sah Ses reload EL eiin we) CI Sbed eta reasitawe oaten = 
REPS Ta TRV Secs orett eilerie ey ® LISTROPHORINAE, n. subfam. (Type genus, Listrophorus) .. 9 

2. Legs i and ii provided with caruncles; not very highly modified. Sometimes with accessory 
GClASPENSheetecte apse tere acalenens ATOPOMELINAE, n. Subfam. (Type genus, Atopomelus) .. 3 

Legs i and ii without caruncles; highly modified. Without any accessory claspers ........ 

Pea Rett oc als, Ai.a) cual aeteiaebaecs LABIDOCARPINAE, n. subfam. (Type genus, Labidocarpus) .. 5 

3. Body depressed. Sternal region between legs ii and iii provided with a pair of clamshell- 
shaped accessory claspers. Legs iv of male enormous ........ Atopomelus Trouessart 

Body compressed. Sternal region not provided with claspers. Legs iv of male normal.. 4 

4. Body much broader than high. Type species from Africa .......... Listrophoroides Hirst 


Body but slightly broader than high. Type species from Tasmania ...................... 
Hes U OIE CABLE ainsi an MRA IGRG KEENE TI eae Campylochirus Trouessart (= Chirodiscoides Hirst) 
eee ES © Given CL CTT OSS CO Glatieme canis cucas ces ctelie ction nme ieuic Telpa cis ratsctres cute sie shave ok cleave [suspen shel nvsilelveneyiceahiotisulegeriea saicueieevtslanenicaeuens 6 
3, OC ABC OMMPTE SSE Climnreshegen a sliap ances hee corer een SHC OHSS alte ene LS Tal ol ame Ta site| IE) Soin ledacichsohaetleptens Walvey c[lelceitrerepisus NeReoceehe 
6. Legs i and ii greatly broadened distally into a truncated-shovel shape .................... 
Bese rel aa ingeaied Paceo seh cleat cirenilalyelteacartes inpeen area EN Schizocarpus Trouessart (= Haptosoma Kramer) 
Legs i and ii of about the same width for most of their length; flattened, curved, and pointed 
US GERD Zap seis veccey 2 eer estinne tae es) eine olla Guayee tosses na Lartee oie emeedion shes Chirodiscus Trouessart and Neumann 
7. Legs iii and iv short and stumpy; without caruncles; composed of three segments; almost 
WES EIS C ali et acae inlvadsrcediaseciret the, Alans Means Labidocarpus Trouessart (= Alabidocarpus Ewing) 
Legs iii and iv long and slender; provided with caruncles; composed of five segments ; 
doubledtitonward: beneath the abdomen) ac. sce acacceietie cee eke: Neolabidocarpus, n. gen. 
8. Legs iii and iv similar in both sexes, and ending in a hard transverse disc .............. 
SRE Co See ae obn ca oh Trichoecius Canestrini (= Trichobius Canestrini; Trichoecus Ewing) 
Legs iii and iv dissimilar in the two sexes; not ending in a transverse disc ............ 
SR Ree rite ee Ck HN nner ete vauvan fein PRB a ConA RY SHAME Tc RAV ou volacie roe gure ie ag Rees Myocoptes Claparede 
Jie © OX ACT OLS CSS ili SEPALAteras scesuslamcetecttec Nene) sila aye Gels love speaeoe tees ale Slee Listrophorus Pagenstecher 
Coxae of legs iii dilated and fused together ...................000- Euryzonus Trouessart 

ih 
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Genus NEOLABIDOCARPUS, n. gen. 
Characters as in the key above. 
Type species: Labidocarpus buloloensis Gunther 1940 (Proc. Linn. Soc. N.S.W., Ixv, 
1s BIS) 
Type host and locality: Scrub wallaby, Macropus (Thylogale) coxeni Gray 1866; 
Territory of New Guinea. 


Genus LABipocArPpuS Trouessart 1895. 


Ann. Soc. ent. Fr., lxiv, Bull., xxxviii. 

It is extremely doubtful whether Ewing’s separation of Alabidocarpus* from 
Labidocarpus on the strength of very minor differences in the spurs on legs iii was 
justifiable. If it was, then Labidocarpus nasicolus Lawrence would join LL. minor 
Trouessart, L. megalonyx Trouessart and L. compressus Ewing in the former genus, 
leaving only L. rollinati Trouessart in the parent genus. As all of these species are 
parasitic on bats—and three of them on the one species of bat—it seems to the writer 
that it is far better to re-include them in the one genus, making Alabidocarpus a synonym 


ot Labidocarpus, as has been done in the above Key. 

Dr. Lawrence, on checking this paper for me, suggested that a list giving the 
distribution and hosts would be useful, and generously provided much information, for 
which I am glad to acknowledge my gratitude. 


Distribution and Hosts of the Listrophoridae. 


I. LiIstTROPHORINAE: 
1. Listrophorus: 


2. Huryzonus: 


II. Myocorrin ak: 
38. Myocoptes: 
4. Trichoecius: 


Ill. ATOPOMELINAE: 
5. Atopomelus: 


6. Listrophoroides: 


7. Campylochirus: 
IV. LABIDOCARPINAE: 


8. Labidocarpus: 


9. Schizocarpus: 
10. Chirodiscus: 


11. Neolabidocarpus: 


Rabbits, mice, rats, ferrets, 
muskrats, squirrels. 
Rodent (Sigmodon). 


Mice, dormice, rats. 
Mice. 


Insectivore (Neotetracus 
sinensis), guinea pigs, 
squirrels. 

Rodents. 


Phalanger. 


Bats. 


Beaver. 
Beavers and marsupials. 
Wallaby. 


* A Manual of External Parasites, 1929, 44, 188. 


Europe, North America, 
Egypt, South Africa. 
Northern Brazil. 


Europe. 
Europe. 


Western China, America. 


West Africa, Orange Free 
State. 
Tasmania. 


Europe, Ceylon, South 
Africa. 

North America. 

North America. 


New Guinea. 
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HEMIPTERA AND COPEOGNATHA FROM THE UPPER PERMIAN OF 
NEW SOUTH WALES. 


By Consetr Davis, M.Sc., Lecturer in Biology, New England University College, Armidale. 
(Twenty-four Text-figures. ) 


[Read 20th May, 1942.] 
INTRODUCTION. 

A very interesting collection of fossil Hemiptera and Copeognatha was received for 
study trom Mr. Malcolm 8. Stanley, of Beecroft, who obtained them in Upper Permian 
tuffs at Warner’s Bay, Lake Macquarie, N.S.W. My thanks are due to him both for the 
opportunity of studying this collection, and also for permission to place type and other 
important specimens in the Australian Museum, 

All figures in this paper were prepared with a camera lucida, lighting being adjusted 
as necessary to throw up the venation in relief. No attempt has been made to indicate 
the convexity or concavity of veins; in some cases, easily-identifiable pairs of veins of 
opposite sign (e.g., Sc and R,; Cu, and Cu.) appear both convex on one impression (and, 
of course, concave on the duplicate impression), depending on the manner of splitting of 
the block, so that quite a false idea may be gained by following apparent convexity in 
fixing the name of a particular vein. 

Unless otherwise stated, broken lines on the figures refer to missing parts 
reconstructed without concrete evidence. 


Order HEMIPTERA. 


All Permian Hemiptera are referable to the Sub-Order Homoptera. Tillyard (1935, 
p. 266) states that in all Permian Hemiptera (except the very characteristic Prosbolidae } 
the radial sector is simple, in all Copeognatha it is forked. This generalization has been 
controverted by a small Homopterous wing in the present collection, not of the Prosbolid 
type, with the sector clearly forked. On first examination of -the collection it was 
considered possible that a plexus of Psocoid and Psylloid forms might exist, but this 
idea has been temporarily abandoned for want of further evidence. Other possibilities 
covering exceptions to Tillyard’s generalization are: (1) That some Homoptera may 
have gained an additional branch of the radial sector by direct addition or else by capture 
from the media, or may have retained the forked condition from larger ancestors with 
fuller venation; or (2) that some Copeognatha may have lost a branch of the radial 
sector, by direct loss or capture by the media. The first course is shown to have occurred, 
the examples being discussed under the particular specimens; the second possibility 
should be borne in mind in evaluating problematical wings discovered in future.* 


Division AUCHENORRHYNCHA. 


Tillyard (1926, p. 5) distinguishes this series from the Sternorrhyncha as follows: 
Very small wings (less than 6 mm. long) with reduced, narrow clavus, the anal veins 


usually absent, rarely one or both present .................. Division Sternorrhyncha 
Small to large wings (5 mm. up to 25 mm.) with a broad, well-developed clavus carrying 
LEWVO. SUIcOMyE? COmneds.< ENNELY SMES Seo doa cuore don oapea be nuobeon Division Auchenorrhyncha 


* The genera Austropsocidium, Stenopsocidium and Zygopsocus, described by Tillyard (1935) 
as Copeognatha, require re-examination in this light. The first two, except for the forked radial 
sector, have definite affinities to known Permian wings classed as Hemiptera. In Tillyard’s 
figure of Zygopsocus (op. cit., Fig. 5), the veins labelled R,,,, R, M,.. and M,,, seem likely to 
represent R,, M,,,, Cu,, and Cu,, respectively, and the pair classed as R, to represent M, and M, ; 
under this interpretation, the wing becomes definitely Hemipterous, but the stem of M has been 
captured from the common stem (M+4+Cu) by R,. Difficulty in deciding the ordinal placing of 
Permian wings is taken as evidence of the close community between Hemiptera and Copeognatha 
at that time-level, but a general discussion of these implications is outside the scope of the 
present report, and would go beyond the evidence offered by the collection under review. 
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It is clear from study of the present collection that the above distinctions do not 
hold. For instance, one tegmen of definite Scytinopterid facies is described below in 
the Auchenorrhyncha, although its length is only 3-9 mm.; the clavus of this specimen 
is not preserved. Again, more than half of the definitely Psylloid specimens studied 
have a well-developed clavus with two strong anal veins. The clavus is the part of a 
wing least likely to be preserved in situ, and it is probable that its apparent absence or 
weakness in the Sternorrhyncha studied by Tillyard (1926) is a feature of incomplete 
preservation rather than structural difference. In general, it seems likely that the two 
Divisions (Sternorrhyncha, Auchenorrhyncha) were not fully differentiated nor divided 
by a clear-cut line in the Permian.* There is no proof, moreover, that Permian wings at 
present assigned to the Sternorrhyncha belonged to insects with the peculiar origin of 
the mouth-parts characteristic of recent members of that Division. 


Family ScyTINOPTERIDAE. 
Genus PsocoscyTINA, n.g. 

Genotype: Psocoscytina bifida, n. sp. 

Homoptera from the Upper Permian of New South Wales, the forewing strongly 
tegminized and of the general facies of Orthoscytina Till., but less than 4 mm. long. 
Se short, weak, parallel to base of R,; R, abruptly upcurved to costa, several obscure 
veinlets in pterostigmatic area between R,, and R,». Rs arising just before half the wing- 
length, distally clearly forked; M and Cu, arising together from near base of R,, and 
separating at about one-eighth the wing-length from their origin; M sending a strong 
cross-vein (1-m) to Rs at two-thirds the wing-length; M forked just beyond 1r-m to an 
anterior branch (M,,.) and a posterior branch which again forks (M,., M.). Cu, once 
forked, the anterior branch (Cu,.) arched; Cu, connected to common base of R, M and 
Cu, by a weak oblique vein. Details of clavus not preserved. Hindwing unknown. 

The genus is distinguished from all Scytinopteridae by the forking of Rs. The 
general facies, and details of R,, agree with Orthoscytina Tillyard (1926); Sc agrees 
with O. irregularis Tillyard (op. cit., Fig. 8), M with O. indistincta Tillyard (op. cit., 
Fig. 6), which, however, lacks the cross-vein r-m. Cu, is usually three-branched in 
Orthoscytina, but otherwise there is considerable similarity. The inter-cubital cross-vein 
of Psocoscytina is weaker than in Orthoscytina and more basal in position. 


PSoOcOSCYTINA BIFIDA, h. sp. (Fig. 1.) 


Holotype tegmen: Aust. Mus. No. F 39790; obverse: Aust. Mus. No. F 39791. Length 
3-9 mm.; maximum breadth 39% of the length. Venation: See figure and generic 
deseription. 

The type and obverse are brown, and rather heavily carbonized, indicating complete 
tegminization. The extremity of M., missing on the type, is reconstructed in Fig. 1 
trom the obverse; the latter lacks details of the pterostigma. 


Genus ANOMALOSCYTINA, N.g. 

Genotype: Anomaloscytina metapteryx, Nn. sp. 

Moderately large Auchenorrhyncha from the Upper Permian of New South Wales, 
the forewing unknown, the hindwing considerably modified for folding. Sc short but 
distinct; R, with an apparent articulation at half the wing-length, where R, originates 
from it. Ry, at right-angles to R,, weak; area between Ry, and Ry», which continues the 
course of R, to the wing-tip, carbonized. Rs; simple, with a pigment-band, probably trace 
of a cross-vein, connecting to Ry. Media two-branched, base lost, probably in adaptation 
to tolding (cf. weakening of the recurrent vein, M, in Coleoptera Polyphaga); fork of 
M connected by a pigment-band (trace of a cross-vein) to Cu,.; M,., similarly connected 
to Rs. Cu, arising from base of R, forked at two-thirds its length. Cu, (vena dividens) 


* A somewhat similar course is adopted by Carpenter, who (1931) refers all Kansas Lower 
Permian Homoptera to an intermediate and extinct. Division, Paleorrhyncha, and (1939) refers 
Permopsylla to the Archescytinidae. Tillyard’s acceptance of the Auchenorrhyncha and 
Sternorrhyncha is followed with ,reservations in the present paper, in order to facilitate 
comparison between new genera and those described by him from the Upper Permian of New 
South Wales. 
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connected by one oblique vein to base of Cu,, by another to base of 1A. 1A and 2A 
simple, almost straight; trace of a third anal vein present. 

This genus does not agree with any known hindwing. It may later be assigned to 
an existing genus now known from the forewing alone (e.g., Homaloscytina Tillyard, 
1926). It shows some slight similarity to hindwings of the Triassic family 
Mesogereonidae Till. 


ANOMALOSCYTINA METAPTERYX, D.Sp. (Fig. 2.) 
Holotype hindwing: Aust. Mus. No. F 39792. Length 7-3 mm.; maximum breadth 
56% of the length. Venation: See figure and generic description. 


Genus EocHILiocycLa, n.g. 


Genotype: Hochiliocycla angusta, n. sp. 

Rather small Auchenorrhyncha from the Upper Permian of New South Wales, the 
forewing narrow, Sc weak, parallel to base of R; R, straight, ending at a re-entrant angle 
on the costal margin at half the wing-length, with a weak posterior branch (R,,) and 
pterostigma. Rg, simple, arising as posterior branch of R, just before the fork of the 
latter and running almost to the wing-tip. M simple, arising near base of R, ending 
near wing-tip, and connected to R; by two cross-veins, one near base of Rs, the other just 
beyond half-way. from the first to the margin; between these a cross-vein (ir) runs up 
to Ry». Cu, arising separately from R and M, connected by a cross-vein to M near base, 
distally forked, the anterior branch (Cu,.) continuing the course of the stem, the 
posterior (Cu,) markedly sigmoidally curved. Cu. almost straight, arising with Cu,, 
distally connected to Cu, by a cross-vein (icu). Three strong anal veins present, arising 
together but separately from the cubitals, and distally confluent. Hindwing unknown. 

This genus is very distinct from known Permian Homoptera, but may be compared 
with Chiliocycla Tillyard (1922b, Fig. 79), from the Triassic of Queensland. Both seem 
rather unlike other Scytinopteridae, but, as Tillyard has allowed Chiliocycla as belonging 
to this family, this classification may be retained temporarily. Chiliocycla has a well- 
developed subcosta and a thickened costal margin. Assuming the veins in Chiliocycla 


2A. 


Fig. 1.—Psocoscytina bifida, n.g. et sp., holotype tegmen (Aust. Mus. No. F 39790), x 18. 
(Extremity of M, and margin adjacent restored from obverse; clavus missing.) Fig. 2.— 
Anomaloscytina metapteryx, n.g. et sp., holotype hindwing (Aust. Mus. No. F 39792), x &. 
(Fracture of block indicated.) Fig. 8.—Eochiliocycla angusta, n.g. et sp., holotype tegmen 
(Aust. Mus. No. F 39793), x 8. Fig. 4.—Hupincombea postica, n.g. et sp., holotype hindwing 
(Aust. Mus. No. F 39794), x 18. 
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labelled by Tillyard (l.c.) as Rs, and R,,; are really R, and Rs, the radius and its sector 
of Eochiliocycla differ only in the position of their terminations with respect to the 
costa. The media of Hochiliocycla is simple (three-branched in Chiliocycla, with a cross- 
vein, im, forming a median cell). The cubitals agree except for the orientation of the 
cross-vein m-cu; the anal region of Chiliocycla is not preserved. The punctate sculpture 
of Chiliocycla scolopoides is absent from Hochiliocycla. 


EocHILIOCYCLA ANGUSTA, n. sp. (Fig. 3.) 


Holotype tegmen: Aust. Mus. No. F 39793. Length 5-7 mm.; maximum breadth 34% 
of the length. Venation: See figure and generic description. Carbonization of membrane 
not marked; veins thick and heavily carbonized. 


Division STERNORRHYNCHA. 
Family PINCOMBEIDAE. 
Genus EUPINCOMBEA, N.g. 

Genotype: Hupincombea postica, n. sp. 

Very small Homoptera from the Upper Permian of New South Wales; the forewing 
unknown, the hindwing broadly ovate; Se short, near costa; R strongly upcurved beyond 
common origin of M and Cu,, then continuing straight to a simple termination on the 
costa (R,) at about two-thirds of the wing-length. Rs; simple, slightly concave to the 
costal margin, arising from R, just beyond half-way between origin of M and end of R,. 
M simple; Cu, simple, arising from R at same point as M before one-quarter of the wing- 
length. Cu, thin but distinct, arising separately from R; a single anal present, straight 
and well developed. 

Although definitely Sternorrhynchous, it is not possible to assign this hindwing to 
any genus named from the forewing alone. It is provisionally referred to the family 
Pincombeidae; it agrees with the forewing of Pincombea mirabilis Tillyard (1922a, 
Fig. 2) in the simplicity of R, and the method of origin of M and Cu,, but there is no 
reason to suppose that these features in a hindwing are necessarily associated with 
similar details in the forewing. 


EUPINCOMBEA POSTICA, Nn. Sp. (Fig. 4.) 


Holotype hindwing: Aust. Mus. No. F 39794. Length 2:6 mm.; maximum breadth 
50% of the length. Venation: See figure and generic description. Whole wing 
membraneous, veins distinct. 


Family PERMOPSYLLIDAE. 
Genus EHOpSyYLLIDIUM, n.g. 

Genotype: Hopsyllidium delicatulum, n. sp. 

Very small Homoptera from the Upper Permian of New South Wales, the forewing 
without apparent subcosta, the base of R strongly arched before the origin of M; Ry,» 
continuing the course of R,, pterostigma well developed and crossed basally by Rya, 
which is rather indistinct. Rs; simple, arising from R, about half-way between origin of 
M and termination of R,»; M arising from R at a little under one-quarter the wing- 
length, forked at its middle to an anterior branch (M,,.), which gives a strong cross-vein 
(v-m) to the base of Rs, and a posterior branch (M3;,,). Cu, arising separately from R, 
forked, anterior branch (Cu,.) arched, posterior (Cu,») descending, sinuous. Cu, thin, 
slightly convex to costal margin, and separating off a broad clavus with a single straight 
anal vein (1A), which is connected to the base of Cu. by an oblique vein. Hindwing 
unknown. 

This genus differs from all others in the family in the separate origin of Cu, there 
does not even seem to be any cross-vein (m-cu) connecting M and Cu,, although this 
area is slightly crumpled in the unique type, and undulations in the surface of the block 
can be seen. In other respects it does not lie very close to described genera of 
Permopsyllidae (cf. Tillyard, 1926, p. 26, Key), in which family, however, it is 
provisionally placed. 
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EOPSYLLIDIUM DELICATULUM, Nl. sp. (Fig. 5.) 

Holotype forewing: Aust. Mus. No. F 39795. Length 2-8 mm.; maximum breadth 
49% of the length. Venation: See figure and generic description. Whole wing 
membraneous, veins distinct. 

Note—It cannot be decided with absolute certainty that this specimen is not a 
hindwing. 


Genus PSocoPSYLLIDIUM, N.g. 

Genotype: Psocopsyllidium media,* n. sp. 

Homoptera from the Upper Permian of New South Wales, large for the Division 
Sternorrhyncha, the forewing apparently without subcosta, the termination of R, missing, 
Rs arising trom R at.about one-half the wing-length, simple, terminally downcurved; 
M and Cu, arising together from R at about one-quarter the wing-length; M forked not 
tar from its separation from Cu,, the posterior branch (M,,,) simple, the anterior branch 
forked again to M, (which is connected by a strong oblique cross-vein, r-m, to R;) and M.. 
Cu, separating from common stem with M not far from its base, once forked, the 
anterior branch .(Cu,,) arched. Cu, and 1A arising together, at first diverging, then 
running parallel, and terminally converging again; Cu, connected to common base of 
R, M, and Cu, by an oblique vein. Trace of a second anal vein present, very short. 
Hindwing unknown. 

This genus differs from Permopsyllidium Tillyard (1926, p. 27) in the down-curved 
end of Rs and in the position of r-m, which in Permopsyllidium connects to M,,. before 
the latter forks. It differs from Permothea Tillyard (1926, p. 28) in the apparent 
absence of a subcosta (not an important point in all probability), in the origin of r-m 
(arising at the fork of M,,. in Permothea), and in the disposition of the branches of M. 
From both these genera it differs in the more distal placing of the common stem of M 
and Cu, The strong oblique cross-vein r-m, connecting Rs with M, indicates how capture 
of M, by Rs might give a Psocoid appearance to a Psylloid wing; this process is here 
incomplete,y but if the base of M, assumed the appearance of a cross-vein it would then 


= a A H2A 8 
1a 2 


Fig. 5.—Hopsyllidium delicatulum, n.g. et sp., holotype forewing (Aust. Mus. No. F 39795), 
x 13. Fig. 6.—Psocopsyllidium media, n.g. et sp., holotype forewing (Aust. Mus. No. F 39796), 
elt (Pterostigmatie area missing.) Fig. 7.—Permotheélla scytinopteroides, n.g. et sp., 
holotype forewing (Aust. Mus. No. F 39797), x 13. (Clavus displaced as in specimen; dotted 
line near Sc probably not a true vein). Fig. 8.—P. scytinopteroides, n.g. et sp., forewing (Aust. 
Mus. No. F 39798), x 18. 


* The specific name is proposed as a noun in apposition, referring to the vein of that name. 
It is not to be changed by later workers for supposed adjectival agreement. 
7 Cf. also Carpenter, 1939, Figs. 15, 16 (Archescytina spp.). 
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be classed, on first inspection, as r-m, the radial sector thus gaining a forked appearance 
and the media appearing only two-branched. 


PSOCOPSYLLIDIUM MEDIA, Nn. Sp. (Fig. 6.) 


Holotype forewing: Aust. Mus. No. F 39796. Length 4:6 mm.; maximum breadth 
39% of the length. Venation: See figure and generic description. Impression only very 
slightly carbonized. 


Genus PERMOTHEELLA, N.g. 

Genotype: Permotheélla scytinopteroides, n. sp. 

Rather small Homoptera from the Upper Permian of New South Wales, the forewing 
strongly tegminized, Sc short and faint, parallel to base of R; pterostigma, between 
R,a, Ry and costal margin, well developed; Rs; arising from R before half the wing- 
length, simple, upcurved terminally. M and Cu, arising together from R at about one- 
sixth the wing-length, M forking a little beyond half the wing-length, its anterior branch 
(M,..) sending a cross-vein (r-m) to Rs, and beyond this forking to M, and M.. Posterior 
branch of M (M,,,) simple, sinuous. Cu, separating from common stem with M, whose 
length is about one-tenth that of the wing, and distally forked, its anterior branch 
(Cu,,) arched; a faint intercubital vein present near base of common stem of M and 
Cu, Cu, separating off a distinct clavus, which carries two strong anal veins, diverging 
basally from a common source and distally coalescing to run together for nearly half 
their length. Hindwing unknown. 

This genus differs from Permopsylla Till. (Lower Permian of Kansas; cf. Tillyard, 
1926, Fig. 23) in the form of Sc, and the length of the common stem of M and Cu.. 
Among New South Wales Permian Homoptera it stands closest to Permothea Tillyard 
(1926, p. 28, and Fig. 27), but differs from it completely in the position and shape of the 
pterostigma, Sc, r-m, M, and M., and in the origin of the inter-cubital vein from the base 
of Cu,. Details of the clavus of Permopsylla and Permothea are not known. 


PERMOTHEELLA SCYTINOPTEROIDES, Nn. Sp. (Figs. 7-8.) 


Holotype forewing: Aust. Mus. No. F 39797; Fig. 7, clavus disconnected from rest of 
wing. Length 3-8 mm.; maximum breadth 44% of the length. Venation: See figure and 
generic description. Whole wing heavily carbonized, minutely punctate, somewhat 
crumpled, with irregularities in the block below and parallel to the distal half of Rs, 
and between the cubitals at about half-way between the origin of Cu, and its fork. A 
faint oblique line runs up from Sc to the costa near the base; this is probably not a vein 
but merely an irregularity in the block. 

A second forewing (Aust. Mus. No. F 39798; Fig. 8) has the clavus in position, but 
the venation in the distal third is very faint; the wing is only very slightly carbonized. 
The disposition of the veins agrees with the type. Length 4:0 mm.; maximum breadth 
42% of the length. 


Genus PERMOPSYLLIDOPS, N.g. 

Genotype: Permopsyllidops stanleyi, n. sp. 

Rather small Homoptera from the Upper Permian of New South Wales, the forewing 
apparently without Sc; R,s given off from R, at about one-third the wing-length, 
terminating (as Ry») at two-thirds the wing-length; R,. given off abruptly nearer to 
origin of R, than to end of Ry». Rs; simple, bent down in middle to give off a cross-vein 
r-m. M and Cu, arising by a common stem from the extreme base of R,, and separating 
from each other at one-sixth the wing-length from common origin; a weaker oblique 
vein runs up and back from their point of separation, to meet R, at one-seventh the 
wing-length from the base; this probably represents the original common stem of M and 
Cu,, their apparent origin (vein to wing base) being an over-developed inter-cubital which 
has captured them. M forked just before the cross-vein r-m, the anterior branch forked 
again beyond r-m to M, and M.. Posterior branch of M (Msz,.,) simple. Cu, forked, 
anterior branch (Cu,,) arched. Cu, absent (a faint line near the base may indicate 
its position). A single short downwardly-directed anal present. Hindwing unknown. 
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This genus differs from other Permian Psylloids in the details of separation of the 
eommon stem of M and Cu, from. R. In other respects it stands rather close to 
Permopsyllidium Tillyard (1926, l.c.), which, however, has Cu, well developed and the 
angle between R,, and R,» acute. 


PERMOPSYLLIDOPS STANLEYI, DN. Sp. (Fig. 9.) 
Holotype forewing: Aust. Mus. No. F 39799. Length 3:0 mm.; maximum breadth 
45% of the length. Venation: See figure and generic description. Impression some- 
what carbonized. 


Genus CLAVOPSYLLIDIUM, N.g. 

Genotype: Clavopsyllidium minutum, n. sp. 

Very small Homoptera from the Upper Permian of New South Wales, the forewing 
without apparent subcosta, Rs; arising from R at one-third the wing-length; R, continued 
as R,», concave to costa, with R,. given off sharply as a pigment-bordered veinlet nearer 
to end of R,» than to origin of Rs. Rs; simple, sinuous; no radio-median cross-vein. 
Common stem of M and Cu, arising from R half-way between base and origin of Rs, 
forking almost beneath origin of R; to M and Cu,; M forked at about half its length, 
its anterior branch (M,,.) again forked, its posterior branch (M;,,) simple. Cu, forked, 
anterior branch (Cu,.) arched, and ending closer to posterior branch (Cu,,) than in most 
genera. Cu, straight, thin, origin independent from Cu,; a broad, well-marked clavus 
present, with two anal veins arising basally from a common origin, diverging, and fusing 
again terminally. Hindwing unknown. 

This genus stands closest to Protopsyllidium Till. (infra), from which it differs in 
the three-branched media and the shape of the cubital fork: and to Permopsyllidiuin 
Tillyard (1926, l.c.), from which it differs in the shape of R; and the lack of r-m. The 
clavus of Permopsyllidium is not known. Clavopsyllidium is also somewhat similar to 
Permotheélla, n.g., but is much smaller, and lacks Sc, r-m, and the fused portion of the 
anal veins. 


CLAVOPSYLLIDIUM MINUTUM, n. Sp. (Fig. 10.) 


Holotype forewing: Aust. Mus. No. F 39800. Length 2-4 mm.; maximum breadth 
47% of the length. Venation: See figure and generic description. Wing membraneous, 
not carbonized. 


~ Genus ProropsyLuipiumM Tillyard 1926. 


Proc. Linn. Soc. N.S.W., 51, p. 26. Genotype: Protopsyllidium australe Tillyard, 
1926, l.c. 


PROTOPSYLLIDIUM SINUATUM, nh. Sp. (Figs. 11-15.) 


Tillyard’s type specimen of the genotype is not available,* so that comparison can 
be made only with his published figure (op. cit., Fig. 24). On this basis, the present 
species is described as new; it is represented by six specimens and one duplicate impres- 
sion, all of which agree in general structure and differ from the figure of P. australe. 

In P. sinuatum the pterostigma is well developed, R,, being represented by a broad, 
pigment-band, the distal border of which is sometimes developed as a definite veinlet- 
The second cubitus shows a very weak subterminal anterior branch, an unusual feature; 
this is better shown on specimens other than the holotype. The clavus (not preserved 
in the type of P. australe) shows two strong anal veins, disposed as in Clavopsyllidium 
minutum (supra). The wing outline is regularly obovate in P. australe, but in all 
specimens of P. sinuatum the bases of both costal and anal margins are definitely sinuous. 
In other respects P. sinuatum agrees with the genotype. The specimens show slight 
differences inter se, which can be evaluated from the figures; probably too little allowance 
for individual variation and variation in the state of preservation has been made in the 


* The same applies to the types of others of Tillyard’s species discussed in this paper. Lack 
of types is probably less serious here than in most cases, as the published camera lucida figures 
of outlines and venation convey nearly as much as the actual specimens. Nevertheless, identifica- 
tions of specimens under existing species, and comparison of new species with species previously 
described, is subject to confirmation by later re-examination of the types. 


\ 
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past in fixing interspecific differences, and it is indeed possible that longer series might 
lead to the rejection of the name P. sinuatum as a synonym of the genotype. 

The following specimens are represented: 

Holotype forewing: Aust. Mus. No. F 39801; Fig. 11; and obverse: Aust. Mus. No. 
F 39802. Length 2-7 mm.; maximum breadth 43% of the length. Membraneous. 

Forewing: Aust. Mus. No. F 39803; Fig. 12. Length 3:1 mm.; maximum breadth 
439% of the length. Faintly carbonized. 


Nive (6 


Fig. 9.—Permopsyllidops stanleyi, n.g. et sp., holotype forewing (Aust. Mus. No. F 39799), 
x 18. (Broken line between Cu, and 1A represents obsolescent. Cu,, a barely-discernible groove 
on the block.) Fig. 10.—Clavopsyllidium minutum, n.g. et sp., holotype forewing (Aust. Mus. 
No. F 39800), x 18. (Carbonization in intercubital and subcostal regions, as indicated by 
stippling, not accompanied by apparent veins.) Figs. 11-15.—Protopsyllidium sinuwatwm, n. sp. 
1t. Holotype forewing (Aust. Mus. No. F 39801), x 18. 12. Forewing (Aust. Mus. No. F 39803), 


CD 


s : CD 
x 25. 18. Forewing ( ; Mr. Malcolm Stanley’s Collection), x 21. 14. Forewing (——; Mr. 


13 14 
Malcolm Stanley’s Collection), x 21. 15. Forewing overlapping hindwing (Aust. Mus. No. 
& 39804), x 9. (Apparent structure.) Fig. 16.—Zoropsocus stanleyi, n. sp., holotype forewing 
{ Aust. Mus. No. F 39805), x 29. 
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CD 
Forewing ( ; Fig. 13, Mr. Malcolm Stanley’s Collection). Length 3-5 mm.; 


9 


maximum breadth 40% of the length. Faintly carbonized. 
CD 
Forewing (——; Fig. 14, Mr. Malcolm Stanley’s Collection). Length 2:9 mm.; 
14 


maximum breadth 36% of the length. Faintly carbonized. 
CD 
Forewings (2), hindwing (venation not discernible) and tip of abdomen ( > not 
15 
figured, Mr. Malcolm Stanley’s Collection). Length of forewing 2:0 mm.; maximum 
breadth 39% of the length; scarcely carbonized. Hindwing 1:4 mm. x 0-5 mm. 
Forewing completely overlapping hindwing: Aust. Mus. No. F 39804; Fig. 15. Length 
of forewing 3-7 mm.; maximum breadth 45% 4of the _ length. Hindwing 
3-2 mm. x 1:3 mm.; R, apparently simple, M as in forewing, fork of Cu, wider than in 


forewing. 


Order CoPpEOGNATHA. 
Family ZOoROPSOCIDAE. 
Genus Zoropsocus Tillyard 1935. 


Proc. Linn. Soc. N.S.W., 60, p. 273.. Genotype: Zoropsocus delicatulus Tillyard 1935, 
loc. cit. 


ZOROPSOCUS STANLEYI, n. sp. (Fig. 16.) 


This species differs from the figure of the type specimen of Z. delicatulus (Tillyard, 
1935, Fig. 6) in that M and Cu, definitely arise from a short common stem (separate 
parallel origin in Z. delicatulus). It also differs in the disposition of the terminations 
of M,.. and M;,,, which are down-curved in the present species. In other respects, except 
the size, which is considerably less, it agrees with the figure of the type of Z. delicatulus. 

Holotype forewing: Aust. Mus. No. F 39805; Fig. 16. Length 1:8 mm.; maximum 
breadth 33% of the length. 

Another wing, in the collection of Mr. Stanley, agrees exactly in its venation. It is 
even smaller (1-5 mm. x 0-5 mm.) and is rather strongly carbonized. 


Family LOPHIONEURIDAE. 
Genus LopHiocypHa Tillyard 1935. 


Proc. Linn. Soc. N.S.W., 60, p. 274. Genotype: Lophiocypha permiana Tillyard 1935, 
OD Cit aps 25. 


LOPHIOCYPHA PERMIANA Tillyard 1935, le. (Fig. 17.) 


Figure 17 is a camera lucida outline of a specimen in the collection of Mr. Malcolm 
Stanley, identified by the late Dr. R. J. Tillyard as L. permiana. It agrees with the figure 
of the type (Tillyard, 1935, Fig. 7A) except in the longer clavus, the more distal position 
of the inter-cubital cross-vein, the more sinous course of R,.,, and the more distal 
termination of R,, all of which Tillyard rightly regarded as intraspecific variations. 

The dimensions are: Forewing, length 2-8 mm.; maximum breadth 36% of the 
length; length of body behind articulation of forewing, 1:9 mm. 


LOPHIOCYPHA STANLEYI Tillyard 1935. (Figs. 18-22.) 

Ops cit py 206, Wig 8: 

Five specimens in the collection under review are referred to this species. In all 
cases R, ends beyond half-way along the wing and the subcosta is, if apparent, short 
(cf. specific key, Tillyard, 1935, p. 275). It seems possible that this species may later 
be synonymized with the genotype, L. permiana Till., as data referring to the subcosta 
are doubtful and subject to individual variation and to differences in the state of 
preservation, while the specimen noted above under L. permiana, and identified by 
Tillyard as such (Fig. 17), has R, ending beyond half the wing-length. 

The following specimens have been examined: 

(1) Forewing partly overlapping hindwing: Aust. Mus. No. F 39806; Fig. 18. Length 
of forewing 2-9 mm.; maximum breadth 36% of the length; venation typical for 
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L. stanleyi, but the clavus is folded forwards over the wing base. Hindwing 
1:9 mm. x 0-6 mm., R, almost straight, ending at half the wing-length; R; with a wide 
distal fork; M simple, sinuous. 

(2) Forewing with costal half overlapping most of hindwing: Aust. Mus. No. F 39807; 
Fig. 19. Length of forewing 3:0 mm.; maximum breadth 31% of the length; venation as 
in the figure of the type, except that 1A is longer, a short second anal (2A) is present, 


Fig. 17.—Lophiocypha permiana Till., forewing, and body behind its attachment, x 21. 
Figs. 18-22.—Lophiocypha stanleyi Till. 18. Fore- and hindwing (Aust. Mus. No. F 39806), x 21. 
(Broken lines of hindwing refer to structures faintly visible on the block.) 19. Fore- and hind- 

CD 
wing (Aust. Mus. No. F 39807), x 21. (Broken lines as in Fig. 18.) 20. Forewing (——; Mr. 
CD 20 


Malcolm Stanley’s Collection), x 21. 21. Damaged forewing (——; Mr. Malcolm Stanley’s 


CD 21 
Collection), x 21. 22. Forewing (——; Mr. Malcolm Stanley’s Collection), x 21. (Base damaged, 


22 
costal portion shifted proximad, claval portion distad.) Fig. 23.—Lophiocypha maxima, n. sp., 


holotype forewing (Aust. Mus. No. F 39808), x 15. Fig. 24.—Austrocypha abrupta Till., fore- 
wing (reconstructed from two slightly-damaged forewings on specimen Aust. Mus. No. F 39809), 
ails 
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and the whole wing outline is somewhat distorted by crumpling. Hindwing 
1:9 mm. x 0:7 mm., venation as above. 


(@ 1D) 
(3) Forewing me Fig. 20, Mr. Malcolm Stanley’s Collection). Length 2:9 mm.; 


maximum breadth 34 of the length. Venation as in the preceding specimen, except 
that details of the subcosta are not apparent, although this part of the wing is preserved 
fairly well. A poorly-preserved body (length 1:7 mm.) lies beside the wing on the block. 


CD 
(4) Forewing Goma Fig. 21, Mr. Malcolm Stanley’s Collection). Length 2:7 mm. 
1 


(estimated) ; maximum breadth approximately 38% of the length. Venation as in (2). 


CD 
(5) Forewing (——; Fig. 22, Mr. Malcolm Stanley’s Collection). Length 3:2 mm.; 
® 


maximum breadth 39 % of the length. Base damaged, the claval portion shifted distad 
and the costal portion proximad; details of subcosta and clavus obscure, venation other- 
wise as above. 


LopHIOCYPHA MAXIMA, Nn. Sp. (Fig. 23.) 

A single forewing, by far the largest of the genus, serves as holotype for this species. 
Details are as follows: 

Holotype forewing: Aust. Mus. No. F 39808; Fig. 23. Length 4:5 mm., maximum 
breadth 35% of the length. Venation as in L. stanleyi Till., but with the bases of R, 
and M strongly curved sigmoidally, and the two anals longer and more distinct. The 
curvature of R; and M suggests the genus Lophioneura Tillyard (1921), which is stated 
to have no clavus or anal veins (although this may possibly be due to poor preservation), 
and which has Cu, forked. The distinction between these two genera may later be found 
to break down, but in any case the present specimen is specifically distinct. 


Genus AustTROCYPHA Tillyard 1935. 


Op. cit., p. 277. Genotype, Austrocypha abrupta Tillyard 1935, p. 278. 

This genus is allowed as distinct from Cyphoneura Carpenter (1932) on the factors 
of locality and horizon; the obsolescence of Sc, used by Tillyard (op. cit., p. 274, Key) 
as a distinguishing feature, does not seem to hold (cf. also Tillyard, 1935, Fig. 11), and 
the lack of an intercubital connection in Cyphoneura may be merely apparent; the vein 
icu is often difficult to make out, and may be subject to individual variation; it is very 
indistinct on the specimen (Aust. Mus. No. F 39809) discussed below. The more distal 
point of origin of R, in these two genera, as compared to Lophioneura and Lophiocypha, 
is a rather slender generic criterion, which may later require review. 


AUSTROCYPHA ABRUPTA Tillyard 1935, l.c. (Fig. 24.) 


To this species is referred a specimen (Aust. Mus. No. F 39809) showing a slightly- 
telescoped body (length 2:1 mm.) and two forewings, both fairly well preserved, from 
which the following data and figure (Fig. 24) have been reconstructed: 

Length 2-3 mm.; maximum breadth 41% of the wing-length. Venation as in the 
figure of the type (Tillyard, 1935, Fig. 10), except that Sc is definitely present and the 
fork of M is opposite that of Rs (cf. Awstrocypha barretti Tillyard 1935, p. 278, and 
Fig. 11); the upcurved end of R, in the present specimen agrees with A. abrupta rather 
than A. barretti. The present specimen suggests strongly that A. barretti is a synonym 
of A. abrupta; the latter has page precedence. Careful study of the types, and of longer 
series, is necessary to establish this synonymy with certainty. 
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The Order Copeognatha. 


THE STRATIGRAPHICAL ARRANGEMENT AND OCCURRENCE OF TORBANITE 
DEPOSITS IN THE UPPER KAMILAROI COAL MEASURES OF 
NEW SOUTH WALES. 


By J. A. DuLHUNTY, B.Sc., Linnean Macleay Fellow of the Society in Geology. 
(Plate iv; three Text-figures. ) 


[Read 20th May, 1942.] 


GENERAL NOTES ON MODE OF OCCURRENCE. 


The occurrence of torbanite in New South Wales was described by J. E. Carne (1903) 
in a Memoir of the Geological Survey. Since then a considerable quantity of data has 
been recorded by members of the Geological Survey, and included in the Annual Reports 
of the Department of Mines; a list of these is given at the end of this paper. For 
the general stratigraphy of the Kamilaroi, reference should be made to Memoirs of the 
Geological Survey, and Annual Reports of the Department of Mines, N.S.W. An 
unpublished D.Se. thesis by H. G. Raggatt (University of Sydney, 1940) contains a full 
and comprehensive treatment of the stratigraphy of the Kamilaroi Basin. The detailed 
stratigraphy of the western portion of the Upper Coal Measures, to which reference is 
made in this paper, has been reviewed by the author in a previous paper (Dulhunty, 
1941b). 

On the western margin of the basin the Upper Coal Measures alone are represented; 
and it is probable that no more than the top portion, or Newcastle Stage, is present. 
It was suggested by the author that the upper limit of the coal-measures should be taken 
at the top of the No. 1, or Katoomba Coal Seam, and the lower limit at the base of a 
thin bed of Glossopteris-bearing shales which occurs immediately below the lower 
member of the Marangaroo Conglomerate. Four major coal-bearing horizons can be 
identified at most places along the western margin of the Kamilaroi Basin. These 
consist of the Katoomba Seam at the top of the measure, the Dirty Seam occurring 
60 to 100 feet below the top, the Irondale Seam at about 80 to 120 feet above the base, 
and the Lithgow Seam, which occurs between the upper and lower members of the 
Marangaroo Conglomerate near the base of the coal-measures. 

Thirty separate deposits of torbanite are known to occur in the Upper Coal Measures 
outcropping along the western margin of the Kamilaroi Basin, and four occurrences 
have been recorded from the Greta or Lower Coal Measures. The latter are situated at 
Murrurundi, Muswellbrook and Greta on the northern side of the basin, and in the 
valley of the Clyde River on the southern side. The torbanites of the Upper Coal 
Measures outcrop on the steep sides of valleys which have dissected the Triassic 
sandstones and underlying coal-measures, exposing in many places the Upper Marine 
Beds, and in some places the pre-Carboniferous basement rocks. 

The accompanying geological map (Plate iv) illustrates the general distribution of 
Upper Coal Measure strata, and the occurrence of torbanite deposits along the western 
margin of the Kamilaroi Basin. 

The deposits occur interbedded with the coal-measure sediments as isolated lenticular 
seams whose lateral extent varies from as much as six miles to less than half a mile. 
The known outcrops represent deposits which have been dissected during the develop- 
ment of the valleys, and many have been almost completely removed, while others have 
suffered comparatively little erosion, leaving considerable areas of the thickest portions 
in situ. There is little doubt concerning the existence of many additional deposits along 
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the western margin of the Upper Coal Measures, where extensive areas, covered by 
Triassic sandstone, have not yet been dissected by the development of valleys. Mort’s 
Megalong Seam, near Katoomba, forms an excellent example of a deposit almost 
completely removed by valley development. Its eastern margin remains in situ under 
Narrow Neck Range, and a small section of its north-western margin is present at the 
West Head of Nelly’s Glen, the central and south-western portions of the deposit 
having been removed during the development of the valley of Megalong Creek. 

The Baerami occurrence constitutes an example in which the greater part of the 
‘deposit still remains in situ. Widden Brook and Baerami Arm Creek have exposed 
the western and eastern margins, respectively, and Reuben’s Gully has dissected the 
central portion of the deposit, but its narrow gorge has removed comparatively little 
torbanite. 

The majority of the Known deposits have been reduced, by erosion, to half their 
original size, or less. It has been suggested that this may indicate some relation 
between the distribution of deposits and the pattern of the present drainage system. 
There is no conclusive evidence of any such relation. A possible explanation is that 
the chances of forming an outcrop along the existing valley walls are much greater 
for the deposits whose central portions originally occurred within the area of, the 
valleys than those whose central portions lie behind the valley walls. The deposits 
outcropping in the Capertee Valley and its tributaries may be taken as an example. 
Three deposits, Blackman’s Crown, Mornington and Mount Marsden, have been more 
than half removed by erosion, while two, Airly and Wondo, are approximately half 
dissected, and one, the Glen Davis deposit, is less than half removed. 

The deposits may be described as generally lenticular, thinning in all directions 
towards their margins, but there is a tendency to thin out more rapidly at the edges 
than in the central portions. If it is assumed that the deposits originally accumulated 
in small lakes, rapid marginal thinning would be expected near the shore lines. The 
actual edge of a deposit is usually indefinite, as the thinning is frequently accompanied 
by reduction in the quality and lateral transition into carbonaceous shale, cannel coal 
or bituminous coal. 

A belief is held by many practical miners that all torbanite deposits thin out 
immediately they pass under the cliffs of sandstone formed by the Triassic rocks 
overlying the coal-measures. There is, of course, no relation between the lateral extent 
or marginal thinning of a deposit and the position of the sandstone cliffs, as the former 
features were determined in Permian time before the Triassic beds were laid down, 
and the existing topography is a result of comparatively recent erosion. 

Many deposits do thin out when followed by mining operations beneath the 
sandstone cliffs, but this is a consequence of their limited lateral extent, and the fact 
that the majority of deposits have been more than half removed by erosion during 
the development of the valleys. 


THE ASSOCIATION OF TORBANITE WITH BITUMINOUS AND CANNEL COALS. 

Torbanite is essentially a sapropelic material, and the deposits occur in association 
with fine-grained argillaceous rocks, carbonaceous shales, cannel coal and bituminous 
coal of freshwater origin. Cannel coal and carbonaceous shale, together with all 
gradations between the two, invariably occur in close association with the torbanite 
seams, and frequently form irregular beds of small lateral extent, similar to the 
torbanite itself. The seams of bituminous coal may also be thin and irregular, but 
they usually constitute beds of more uniform thickness, extending over much larger 
areas than the torbanite and cannel coal seams. This is essentially the case when 
the torbanite is associated with one of the major coal-bearing horizons, on which the 
coal-seams can be traced far beyond the limits of the torbanite. The intimate association 
of cannel coal with torbanite is particularly important, as the two materials appear to 
be products of the same environment, but derived from different types of organic debris. 
In the present paper, the term cannel coal is applied to coaly substances of compact and 
homogeneous nature, with black streak and inconspicuous cleat, containing a volatile 
content lower than the percentage of fixed carbon. 


BY J. A. DULHUNTY. 125 


The cannel coals may occur either above or below the torbanite seams, and frequently 
as interbedded bands. Some deposits are of a composite nature, exhibiting alternating 
bands of torbanite and cannel coal. The Wollar occurrence is an outstanding example 
of this type, containing eleven bands of cannel coal and twelve bands of torbanite. 
The cannel bands are usually in contact with the torbanite, although thin clay or shale 
partings are not uncommon. The planes of contact between the torbanite and cannel 
are normally sharp and well defined; but transition zones between the two materials 
have been noted in several cases. 

The cannel bands occurring at the edge of a deposit may change gradually to torbanite 
as they pass towards its centre, while those situated near the centre are usually lenticular, 
thinning out at their margins rather than changing laterally to torbanite. The cannel 
bands interbedded with torbanite, vary in thickness from a fraction of an inch to 
several feet—their aggregate thickness frequently amounting to more than that of the 
torbanite. 

Bright bituminous coal and splint coal are also common associates of torbanite; 
but they do not exhibit the intimate association typical of cannel coal, and rarely 
occur as interbedded components of the seams. These coals may be situated either 
above or below the torbanite, and are usually separated from it by clay shale or cannel 
bands. In some deposits, however, the torbanite is actually in contact with bituminous 
coal, and gradual transitions, both vertical and lateral, between the two materials have 
been observed in several deposits. The bituminous coal lying in contact with torbanite 
is characteristically bright and clean, consisting mainly of vitrain, while the seams 
which are separated by cannel or clay shale are often dirty, containing much durain and 
possessing high ash contents. The sections, shown in Fig. 1, illustrate the general 
mode of occurrence of torbanite and its association with cannel and bituminous coal. 
Sections of a similar nature were measured by Carne (1903), and others have been 
recorded in the Annual Reports of the Department of Mines, N.S.W. 

Section 3 of Mort’s Upper Seam in the Megalong Valley shows bright, bituminous 
coal in contact with the upper surface of the torbanite. At Crown Ridge (Section 1), 
bright, bituminous coal occurs between two torbanite seams, but separated from them 
by cannel coal, while at Glen Davis (Section 2), bituminous coal occurs both above and 
below the torbanite, from which it is separated by thin clay and carbonaceous shale 
bands. Sections 1, 2, 3 and 5 illustrate cannel coal in contact with torbanite, both above 
and below the seams and interbedded without partings in the case of the Glen Davis 
deposit. 

Certain portions of the Ruined Castle Seam (Section 4), in the Jamieson Valley, 
exhibit the unusual features of sandstone lying directly in contact with torbanite, and 
the absence of bituminous coal. A similar occurrence was reported at Joadja by Carne 
(1903), where sandstone torms both roof and floor to 15 inches of torbanite on the 
south-eastern margin of the deposit. All the torbanite deposits in New South Wales are 
modifications of the sections shown in Fig. 1. 


RELATIONS BETWEEN TORBANITE-BEARING HORIZONS AND COAL-MEASURE STRATIGRAPHY. 


In studying the arrangement of the torbanite deposits in the Upper Coal Measures, 
it is necessary to adopt a method by means of which the relative stratigraphical positions 
may be investigated. The persistent coal-bearing horizons, referred to in the introduction 
to this paper, may be taken as specific surfaces of sedimentation, and relied upon as 
planes of reference, but the variations in total thickness of the coal-measures and the 
intervals between the coal-bearing horizons cause difficulty in correlating the horizon 
of torbanite deposits which are not associated with the major coal seams. Carne (1903) 
attempted to illustrate the relative vertical positions of the deposits by arranging them 
in order of their height above the Marangaroo Conglomerate, and indicated seven . 
groups of deposits. This method could be used for correlating seams in a confined 
area where variations in the total thickness of the coal-measures would be negligible, 
but it does not allow for large variations in thickness over wide areas. For example, 
horizons 60 feet above the Marangaroo Conglomerate could not be correlated in areas 
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in which the total thickness of the measures varies from 250 feet to 500 feet. The 
coal-measures actually vary in thickness from 535 feet in the Capertee Valley near Glen 
Davis to 250 feet at Tong Bong Mountain, and as little as 125 feet at several places 
along their margin in the Joadja-Burragorang district. 

There is no difficulty in correlating torbanite deposits which occur on the horizons 
of the major coal seams, but many are situated at various positions between these 


CROWN RIDGE GEENY DAVIS 
7 CARERTEE | CAPERTEE VALLEY. 2. 


INS, 
CLAY SHALE = CLAY SHALE 


7 DIRTY BITUMINOUS COAL 
H DIRTY COAL 4 ===) CLAY SHALE 
Y 
l2 / yy TORBANITE 
BRIGHT BITUMINOUS COAL ] Wii BRIGHT CANNEL COAL 
3 (TIMMIMM ove canner coat y 
26 
TORBANITE Y Leite ees 
DTT QUEL CANNEL COAL // 
Pe BRIGHT BIT O 
Se aN COAL S TIM) en icet canner com 
BRIGHT BITUMINOUS COAL 
sete 7 Wy) /) TORBANITE 
2 CARBONACEOUS SHALE 
Te) DIRTY COAL 


DULL CANNEL COAL 


MAINLY STONY 


MORTS UPPER SEAM 
pe CLAY BAND KATOOMBA. 3. 


INS: ‘| SANDSTONE 


or BITUMINOUS- COAL 


CLAY SHALE 
BRIGHT BITUMINOUS COAL 


CLAY SHALE 


INS. 


RUINED CASTLE SEAM 3 
SAUCE 4. 


~—] SANDY SHALE 


22 TORBANITE 


SANDSTONE 


1 CLAY BAND 
EN DULL CANNEL COAL 


nN Oo Wr 


yy, TORBANITE 


3 CARBONACEOUS SHALE 
STONY CANNEL COAL 


Fig. 1.—Sections illustrating the mode of occurrence of torbanite in New South Wales. 
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seams. It is considered that a method of correlating the torbanite-bearing horizons and 
examining their arrangement in the coal-measures should be based on the positions 
which they occupy in relation to the major coal seams. With this object in view, the 
diagram shown in Figure 2 has been prepared, in which a vertical columna section 


TRIASSIC 


No.2 COAL SEAM 


OIRTY COAL HOAR/Z. No. 3 


MEASURES 


a 
<x 
O 
U 


UPPER MARANCAROO 
ITHGOW COAL HOR/Z. NO. 7. 


LOWER MARANGAROO 


HORIZ. SCALE. |in= 20 mis. 


VERT. SCALE. | in.=50 ft. 


Fig. 2.—Diagram illustrating the vertical and lateral distribution of torbanite deposits in 
the Upper Coal Measures between Ulan and Bowral. 


I, ATABy. 10. Joadja. 17. Tonalili. 

2. Baerami. 11. Katoomba— 18. Reedy Creek. 

2A. Baerami Lower. (A) Mort’s Lower. 19. Sugar Loaf Mountain. 

3. Barigan. (B) Mort’s Upper. 20. Tong Bong Mountain. 

4. Blackman’s Crown. (c) Ruined Castle. ile iam: 

5. Coolaway Mountain. 12. Lamb’s Seam. 22. Victoria Falls. 

6. Glen Davis. 13. Marangaroo. 23. Wanganderry. 

7. Grimshaw’s Seam. 14. Mornington. 24. Wollar 

8. Hartley Vale. 15. Mt. Blackheath. 25. Wondo or Cottage Rock. 
9. Ilford Range. 16. Mt. Marsden. 


represents the average conditions which prevail in the coal-measures, including total 
thickness and the relative positions of the coal seams, while the base represents the 
outcrop of Upper Coal Measures from Ulan south-east to Bowral. Each torbanite deposit 
has been allotted a position on the diagram depending on its relative stratigraphical 
position between the two nearest coal-bearing horizons, and its geographical situation 
determined by projecting its position on to a straight line between Ulan and Bowral. 
The arrangement of deposits on the diagram is independent of variations in the total 
thickness of the measures, and errors, due to irregular rates of change in the vertical 
intervals between the coal seams, are also reduced to a minimum. 

It will be noted that the upper stratigraphical limit to the occurrence of torbanite is 
the No. 2 Coal Seam near the top of the coal-measures, and the lower limit is the Lithgow 
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Coal Seam near the base of the measures. Certain regions in this column contain 
numerous deposits of torbanite, while others do not contain any at all. Of the twenty- 
eight deposits shown on the diagram, thirteen occur on the horizons of major coal 
seams, nine are situated close to these coal seams, and six occur more or less at random 
in the coal-measures between the major coal seams. The Dirty and Lithgow Coal Seams 
are the most prolific horizons, each yielding five deposits, then comes the Irondale 
Seam yielding two, the No. 2 Seam one and Katoomba Seam none. There is also a 
tendency for torbanite to occur near the coal-bearing horizons. Certain portions of 
the measures have not produced any deposits at all. This is particularly marked above 
the Dirty Coal Seam where only one deposit is known occurring in the No. 2 Seam. 
Another barren zone occurs about midway between the Dirty and Irondale Coal Seams, 
occupying a depth of strata equivalent to about one-half of the interval between the 
two coal seams. No deposits have been found in either the upper or lower members of 
the Marangaroo Beds; but this is to be expected as they consist of sandstone and 
conglomerate. The thin bed of coal-measures separating the Lower Marangaroo from 
the Upper Marine has also proved barren, although it contains thin coal seams and 
fossiliferous shales. 

The frequency of occurrence from north-west to south-east, between Ulan and 
Bowral, is also indicated in Fig. 2. From Ulan to Capertee the deposits occur at fairly 
regular intervals in both the upper and lower regions of the measures. Further to the 
south-east, in the vicinity of Katoomba and the Blue Mountains, there is a marked 
concentration of deposits from the Irondale horizon to the top of the Upper Marangaroo. 
In the South-Western Coalfield, between Katoomba and Bowral, two of the four deposits 
oceur on the horizon of the Lithgow Seam, and one on each of the Irondale and Dirty 
Coal Seams. There is no definite relation between the stratigraphical positions of 
deposits and their distances from the original western margin of the Kamilaroi Basin, 
or the thickness of the coal-measures. 


PALAEOGEOGRAPHICAL DISTRIBUTION OF TORBANITE DEPOSITS IN THE UPPER COAL MEASURES. 


Upper Coal Measure sediments were deposited over a fairly wide area in eastern 
New South Wales, including the Kamilaroi Basin, Oxley Basin and the south-eastern side 
of the Great Artesian Basin, as illustrated in Fig. 3. Deposition in the Kamilaroi Basin 
extended a considerable distance to the east of the present coastline. The accompanying 
geological map (Plate iv) indicates the distribution of upper Kamilaroi sediments, 
including Upper Marine and Upper Coal Measures of the Kamilaroi Basin, the principal 
areas in which these beds outcrop, and the location of torbanite deposits. Maps showing 
the distribution of some of the torbanite deposits have been published by Carne (1903) 
and Morrison (1929). The isopacks shown along the western margin of the Upper Coal 
Measures were originally drawn by Dr. H. G. Raggatt in an unpublished D.Sc. thesis 
(University of Sydney, 1940), and have been reproduced in the present map with his 
permission. The torbanite deposits occur at frequent intervals in the coal-measures 
which outcrop along the western and south-western margins of the Kamilaroi Basin 
between Ulan in the north and Bowral in the south. This feature has been noted by 
previous writers (Carne, 1903; Morrison, 1929), who have suggested a marginal 
arrangement of the deposits along the western and south-western sides of the basin. 
Some doubt has been expressed as to the correctness of this suggestion as the Upper 
Coal Measures are completely concealed by Triassic sandstone in the central and 
eastern portions of the basin, and any deposits occurring in these areas would remain 
unknown. 

The following evidence is available concerning the lateral distribution of torbanite 
deposits in the Upper Coal Measures. Deposits occur throughout the measures of the 
Western and South-Western Coalfields, being particularly numerous between Katoomba 
and Rylstone. To.the west, these coal-measures thin out and terminate where the 
basement rocks come to the surface; to the east, the limits of outcrop are determined 
by the general easterly dip of the strata, which carry the beds beneath the overlying 
Triassic sandstone. Torbanite deposits occur in the coal-measures from their eroded 
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Fig. 3.—Map showing the relation between the distribution of known torbanite deposits 
and the probable area covered by the freshwater swamps of the Upper Coal Measures. 


western edge, as at Ilford and Crown Ridge, to their most easterly points of outcrop 
where they dip below the Triassic, such as Glen Davis. These coal-measures, varying 
from 150 to 500 feet in thickness, represent marginal facies of deposition in the 
Kamilaroi Basin, and the isopacks shown in Plate iv, as well as evidence already 
discussed by the writer (Dulhunty, 19410), clearly indicate that the present western 
margin of the measures is roughly parallel to the actual margin of the area in which 
they were deposited. 

On the northern side of the Kamilaroi Basin the valleys of the Goulburn River 
and its tributaries have dissected the Upper Coal Measures, giving outcrops which 
run more or less continuously from the Western Coalfield to the Northern or Hunter 
River Coalfield. 'Torbanite deposits occur in the coal-measures of the Goulburn Valley 
from their western margin at Ulan to as far east as Baerami. The fact that no deposits 
have yet been found between Barigan and Baerami would seem to indicate a decreasing 
frequency of occurrence as the measures pass to the east. No torbanite has been found 
in the Upper Coal Measures of the Hunter River Coalfield to the east of Baerami, 
although there are large areas of outcrop which have been extensively prospected and 
worked for coal. To the north and north-west of the Goulburn Valley the Upper Coal 
Measures occur over a wide area; but they are covered, for the most part, by Triassic 
and Jurassic sediments. Marginal outcrops, however, extend to the vicinity of Dunedoo 
in the north-west and Gunnedah in the north, but no occurrence of torbanite has been 
found north of the Goulburn Valley. 
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At the southern end of the Kamilaroi Basin, the Upper Coal Measures of the 
Southern Coalfield outcrop along the coast from Coalcliff to the vicinity of Nowra, but 
do not contain any torbanite deposits. The marginal conditions, typical in the measures 
of the South-Western Coalfield, where several deposits occur, prevail in the discontinuous 
outcrops which pass round the southern extremity of the basin to the vicinity of 
Kangaroo Valley; but the torbanite deposits do not extend any further south than the 
Reedy Creek occurrence near Joadja. 

The absence of torbanite in the Upper Coal Measures of the Hunter River Coalfield 
indicates that deposits do not occur in the central region of the basin. The measures 
outcropping along the coast in the Southern Coalfield include sub-central to marginal 
facies, but do not contain any deposits. These measures are equivalent in a general 
way te those containing torbanite, which outcrop along the Goulburn Valley between 
Ulan and Baerami. This suggests that the torbanite deposits extend further towards 
the centre of the basin in the northern regions of the Western Coalfield than in the 
South-Western Coalfield. Furthermore, the occurrence of torbanite along the western 
and south-western sides of the basin is limited to the measures outcropping between 
Ulan in the north and Bowral in the south. Thus it may be concluded that the 
development of torbanite, during the deposition of the Upper Coal Measures, was 
confined to an elongated area trending roughly north-west to south-east, running 
parallel to the margin of the Kamilaroi Basin, and situated along its western and 
south-western sides. This area possessed considerable width at its northern end, but 
gradually narrowed to a point at its southern end in the vicinity of Joadja. 

The relation between the area in which torbanite occurs and the palaeogeographical 
distribution of the Upper Coal Measures in New South Wales is indicated in Figure 3. 
It is evident that the environmental conditions necessary for the formation of torbanite 
were present over a comparatively small portion of the total area in which the 
coal-measures were deposited. Furthermore, these specialized conditions recurred on 
successive horizons within the limited area to which the development of torbanite 
was confined. A detailed discussion on the environment of deposition has been reserved 
for a subsequent paper on the origin of torbanite. It is possible that torbanite may 
have been formed along the eastern margin of the Kamilaroi Basin, but this cannot 
be determined as the sediments are submerged by the Pacific Ocean. 

The foregoing results suggest that a great deal of torbanite has been removed by 
erosion along the western margin of the Kamilaroi Basin, between the original shoreline 
of deposition and the present outcrop of coal-measures. It also follows that torbanite 
deposits, as yet undiscovered, may exist in the areas concealed by Triassic sandstone 
immediately to the east of the present lines of outcrop of the coal-measures, particularly 
in the area between Barigan, Baerami and Glen Davis. 


STRATIGRAPHICAL HORIZONS OCCUPIED BY INDIVIDUAL DEPOSITS. 


In examining the stratigraphical arrangement of the torbanite deposits an attempt 
was made to determine, within as narrow limits as possible, the horizon occupied by 
each. The position relative to the top and the base of the coal-measures was determined, 
and then coal seams occurring on known horizons were searched for, and the position 
of the deposit was fixed in relation to the nearest of these. At those places where 
the torbanite is associated with a coal seam, the horizon of the coal was investigated. 
In the majority of cases it was possible to determine the position between the two 
nearest coal-bearing horizons above and below the deposits, or else identify the actual 
horizon with which the torbanite was associated. 

In the following discussion each occurrence is treated separately, and information 
concerning the situation, thickness and quality of the torbanite is given in each case. 
When a deposit consists of several bands, the figures given for total thickness refer to 
the aggregate thickness of torbanite excluding bands of foreign material. 

The results of proximate analyses are intended to give an idea of the general 
nature of the torbanite in each deposit rather than in the richest specimen obtainable. 
References containing relevant data are indicated. 
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Airly. 

Situation: Parishes of Morundurey and Airly, County of Roxburgh. 

Maximum thickness of torbanite: 4 feet 9 inches. 

Proximate analysis of good sample: Moisture, 0:34%; Volatiles, 54:16%; Fixed 
Carbon, 23:05%; Ash, 22-45%. (Analysis by Dulhunty.) 

Richest material: Moisture, 0:30%; Volatiles, 79-97%; Fixed Carbon, 7:66%; Ash, 
12-07%. (Analysis by Dept. Mines, N.S.W.) 

References: Carne, 1903; Seaver, 1884. 

The deposit known as Airly, or Genowlan, occurs in a large outlier of coal-measures 
capped with Triassic sandstone on the western side of the Capertee Valley. The 
deposit outcrops along the northern side of Airly Mountain, where numerous tunnels 
have been driven. Both the top and base of the coal-measures are exposed at several 
places, the horizon of the Katoomba Coal Seam ig visible, and the lower member of 
the Marangaroo Beds, underlying the Lithgow Coal Seam, outcrops at the base of the 
measures. 

The torbanite deposit is associated with thin bands. of bituminous and cannel 
coal, but does not occur on any of the major coal-bearing horizons. The coal-measures 
are 405 feet thick, and the deposit is situated 235 feet from the top and 170 feet above 
the base. Two small coal seams outcrop between the torbanite deposit and Lithgow 
Coal Seam, at positions 75 and 110 feet above the latter—the highest being 20 feet below 
the torbanite. These seams, 35 feet apart, may be equivalent to the upper and lower 
limits of the Irondale coal-bearing horizon. The horizon of the Dirty Coal Seam is 
difficult to identify owing to a heavy covering of talus on the upper portion of the 
measures; but it is certainly above the torbanite deposit, and should be about 80 feet 
below the Katoomba Seam according to observations made in adjoining localities. 
Thus it may be concluded that the Airly deposit is situated 130 feet above the Lithgow 
Seam, and 235 feet below the Katoomba Seam; and it is highly probable that it is 20 feet 
above the top of the Irondale horizon, and about 155 feet below the Dirty Seam. 


Baerani. 

Situation: Parish of Caroora, County of Hunter. 

Maximum thickness of torbanite: 22 inches. 

Proximate analysis of good sample: Moisture, 0°:24%; Volatiles, 63-20%; Fixed 
Carbon, 9-65%; Ash, 26-91%. (Analysis by Emmerton.) 

References: Carne, 1919; Kenny, 1939; Morrison, 1929a; Morrison and Kenny, 1933. 

The main Baerami deposit outcrops in Reuben’s Gully, Baerami Arm Creek, and in 
the valley of Widdin Brook. Reuben’s Gully and Baerami Arm Creek form the south- 
western head waters of Baerami Creek. The seam has been prospected by numerous 
tunnels, which indicate a deposit of good quality extending over a fairly large area. 
In Reuben’s Gully 345 feet of coal-measure strata are exposed; but this does not 
represent a full section of the measures. 

The torbanite deposit, which is overlain by 20 feet of sandstone and associated 
with cannel and bituminous coal, outcrops at a position 160 feet below the Triassic. 
At the top of the coal-measures there is an outcrop of perished coal which represents 
the Katoomba Seam. Another outcrop of coal which occurs 35 feet below the top seam, 
may be equivalent to the horizon of the No. 2 Seam outcropping to the south of 
Mt. Victoria. Two coal seams, 5 and 13 feet in thickness, separated by 17 feet of 
sandstone, occur at positions 25 and 47 feet above the torbanite deposit. These two 
seams appear to be the upper and lower splits of the Dirty Coal Seam, which has been 
identified at several places between Baerami and Wollar. This indicates that the 
torbanite occupies an horizon approximately 25 feet below the base of the Dirty Seam. 

In the valley of Baerami Arm Creek, a little above its junction with Reuben’s 
Gully, a tunnel has been driven on the torbanite seam, which outcrops below the 
sandstone bed at the horizon described above, and maintains its association with 
bituminous and cannel coal. Further south towards the head of Baerami Arm Creek, 
another outcrop has been opened by a short drive, known as. Putman’s Tunnel. Over 
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400 feet of coal-measures are exposed in the vicinity of this outcrop, and the torbanite, 
which is not associated with coal, occurs 370 feet below the base of the Triassic. The 
sandstone roof is also absent. These facts suggest a second deposit occurring on a lower 
horizon. This possibility was investigated by obtaining the expansion-volatile relation 
for specimens from Putman’s Tunnel, and also the outcrops from the main deposit in 
the valleys of both Reuben’s Gully and Baerami Arm Creek, in the manner already 
described by the writer (Dulhunty, 1941). When the specimens were arranged on an 
expansion-volatile diagram, it was found that those from Putman’s Tunnel fell in a 
separate group, or zone, from those belonging to the main Baerami deposit. It is 
considered by the author that these results definitely confirm the existence of two: 
separate deposits occurring on different stratigraphical horizons. The exact horizon 
of the lower seam cannot be determined, as the full thickness of the coal-measures 
is not exposed in this locality. It is evident, however, that its depth below the top of 
the measures is a little more than twice that of the main Baerami deposit. 


Barigan. 


Situation: Portions 39 and 44, Parish of Barigan, County of Phillip. 

Maximum thickness of torbanite: 2 feet 6 inches. 

Proximate analysis of good sample: Moisture, 0:40%; Volatiles, 59-42%: Fixed 
Carbon, 10-78%; Ash, 29-45%. (Analysis by Dulhunty.) 

References: Carne, 1903; Morrison, 1936; Morrison and Kenny, 1934. 

The Barigan deposit is situated in the valley of Derowen Creek, about 15 miles 
south of the village of Wollar. The deposit has been opened by shafts and drives on 
the western side of Derowen Creek. The seam is associated with 3 feet of bituminous 
and stony coal. The outcrop is poorly defined as it is situated near the floor of the 
valley, and obscured by a thick covering of soil. At several places a bed of sandstone 
outcrops immediately below the horizon of the torbanite, and there is evidence of 
another sandstone bed lying a few feet above the deposit. Upper Marine strata occur 
beneath the lower sandstone bed, which forms the lower member of the Marangaroo; 
and the coal associated with the torbanite corresponds to the horizon of the Lithgow 
Coal Seam, while the upper sandstone bed represents the Upper Marangaroo. Therefore 
the Barigan torbanite deposit occurs on the horizon of the Lithgow Coal Seam. 


Blackman’s Crown or Crown Ridge. 


Situation: Mining Portion 2, Parish of Bandamora, County of Roxburgh. 

Maximum thickness of torbanite: About 4 feet. 

Proximate analysis of good sample: Moisture, 0:50%; Volatiles, 60-65%; Fixed 
Carbon, 16-20%; Ash, 22-65%. (Analysis by Dept. Mines, N.S.W.) 

Reference: Carne, 1903. 


This deposit is situated on the Main Divide, 14 miles south-east from Capertee. 
and occurs in a small outlier of coal-measures and Triassic sandstone. 

It has been opened at numerous places by prospecting trenches and short drives. 
It is a complex deposit consisting of several seams interbedded with bituminous and 
cannel coal and carbonaceous shale. The quality is very variable, but a small portion 
of the seam, up to 12 inches in thickness, is of high grade materiai. At Blackman’s 
Crown the coal-measures are 355 feet thick. The horizon of the Katoomba Coal Seam 
is marked by coaly bands occurring a few feet below the base of the Triassic sandstone 
cliffs. The torbanite is associated with coal at a position 60 feet below the Katoomba 
Seam. The Lithgow Seam, at the base of the coal-measures, occurs 10 feet above the 
Lower Marangaroo Conglomerate, which is 65 feet thick, forming a prominent line of 
cliffs. A three-foot seam of coal, which evidently represents the Irondale horizon, occurs 
about 60 feet above the Lithgow Seam. No coal of any consequence can be seen between 
this position and the torbanite deposit. It may be concluded, therefore, that the torbanite 
occurs on the horizon of the Dirty Coal Seam, 60 feet below the Katoomba horizon, and 
155 feet above the Irondale horizon. 
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Bonnum Pic or Paddy's Peak. 

Situation: Portion 59, Parish of Nattai, County of Camden. 

Maximum thickness of torbanite: 32 inches. 

Proximate analysis of good sample: Moisture, 1:20%; Volatiles, 39-02%; Fixed 
Carbon, 24-71%; Ash, 35-07%. (Analysis by Dept. Mines, N.S.W.) 

Reference: Carne, 1903. 

The position of this deposit was recorded by J. E. Carne (1903), but as yet the 
author has not been able to discover the outcrop to determine the stratigraphical 
horizon. The deposit appears to be of no economic importance. 


Coolaway Mountain. 

Situation: Parish of Burrowoury, County of Roxburgh. 

Maximum thickness of torbanite so far exposed: 1 foot 3 inches. 

Analysis of good sample: Moisture, 0:12%; Volatiles, 77:°30%; Fixed Carbon, 17:35%; 
Ash, 5:23%. (Analysis by Emmerton.) 

Reference: Morrison and Kenny, 1932. 

Coolaway Mountain is situated on the southern side of the Cudgegong Valley 
about 8 miles south-east of Rylstone. The torbanite deposit outcrops near the base of 
the mountain on its northern side, where the slope of the hill is very low, and 
consequently the outcrop is almost completely obscured by a thick covering of soil. 
Several prospecting shafts have been put down at intervals between the outcrop and 
the mountain side. These shafts established 1 foot 3 inches of torbanite, but the 
thickness increases as the deposit passes south under Coolaway Mountain. The true 
extent and maximum thickness of this deposit have not yet been revealed. The 
torbanite is of remarkably high quality, certain portions of the seam yielding over 
200 gallons of crude oil per ton. This constitutes the richest known torbanite in 
Australia, and probably in any part of the world. 

The position of the outcrop indicates that the deposit is situated low down in the 
coal-measures; and it was suggested by Kenny and Morrison (1932) that it is within 
100 feet of the base. The Marangaroo Beds and Lithgow Coal Seam have been followed 
by the author from the Capertee Valley to the Cudgegong Valley, where they form 
a small but distinct topographical feature on the undulating valley floor near Coolaway 
Mountain. Weathered blocks of torbanite are associated with the two beds of sandstone 
forming this feature a little to the north of the prospect shafts, which intersect the 
deposit at about the same level as the outcrop of the Marangaroo Beds. The seam, as 
exposed in the shafts, is associated with coal and carbonaceous shale, and occurs a 
few feet below a bed of sandstone, which evidently represents the Upper Marangaroo. 
These facts suggest that the deposit occurs on the horizon of the Lithgow Coal Seam 
between the upper and lower member of the Marangaroo Beds. 


Cooyal Creek. 

The occurrence of torbanite near the head of Cooyal Creek has been unofficially 
reported; and the author has found a considerable quantity of drift material in the 
creek above the village of Cooyal, which confirms the occurrence. The torbanite appears 
to be all low grade material, and the actual outcrop has not been examined for the 
purpose of determining the stratigraphical position which it occupies. 

The occurrence of drift blocks of torbanite in the Tertiary Deep Leads at Gulgong 
was reported by C. S. Wilkinson (1877). It is evident that these blocks came from 
the deposit near the head of Cooyal Creek. 


Glen Davis-Newnes. 

Situation: Parishes of Capertee and Glen Alice, County of Hunter; Parish of 
Gindantherie, County of Cook. 

Maximum thickness of torbanite: 4 feet 3 inches. 

Proximate analysis of good sample: Moisture, 0:20%; Volatiles, 63-55%; Fixed 
Carbon, 12:°95%; Ash, 23-30%. (Analysis by Dept. Mines, N.S.W.) 

References: Carne, 1903; Morrison, 1929a. 
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The torbanite deposit, which is being developed by National Oil Pty. Ltd. at 
Glen Davis, outcrops in both the Capertee and Wolgan Valleys. The deposit extends 
over a large area representing one of the most extensive and valuable deposits known 
to occur in the Kamilaroi Basin. Full sections of the coal-measures cannot be obtained 
at Newnes in the Wolgan Valley, as the base of the measures is below the river level; 
but a complete section is exposed in the Capertee Valley in the vicinity of Green’s Gully 
on the north-western side of the deposit. This section was originally measured and 
recorded by J. E. Carne. The torbanite deposit occurs 250 feet above the Lithgow Seam, 
and 212 feet below the Dirty Seam, while the coal-measures possess a total thickness 
of 535 feet. A well-defined coal-bearing horizon, known locally as the Wolgan Seam, 
occurs 60 feet below the torbanite, and about 200 feet above the base of the measures. 
It has been suggested that this may be equivalent to the Irondale horizon, which 
seems possible, although its position in the coal-measures is a little too high to permit 
of a definite conclusion being reached. Apart from its proximity to the Wolgan Seam, 
the horizon of the torbanite cannot be ascertained beyond its relative position between 
the Lithgow and Dirty Coal Seams. 


Grimshaw’s Seam. 

Situation: Parish of Umbiella, County of Roxburgh. 

Maximum thickness of torbanite: Probably less than 12 inches. 

Quality: Low to medium grade torbanite. 

Reference: Carne, 1903. 

This deposit outcrops on the northern side of the valley of Capertee Nile Creek, 
immediately to the south of Tayan Pic. It has not been opened up or prospected, as 
the quality of the torbanite is low—talus blocks, however, indicate a thickness of less 
than 12 inches. The coal-measures are 545 feet thick in the vicinity of the deposit. An 
excellent exposure of the Katoomba Coal Seam occurs above the outcrop of the torbanite, 
amounting to 10 feet of good coal and bands. The torbanite deposit is associated with at 
least 4 feet of coal at a position 110 feet below the Katoomba Seam. There is no 
definite evidence of coal between the two, and it seems highly probable that the torbanite 
occurs on the horizon of the Dirty Coal Seam. The interval between the Katoomba and 
Dirty horizons is not unduly large considering the thickness of the coal-measures, which 
is considerably greater than their average thickness along the western margin of the 
basin. 


Hartley Vale. 

Situation: Parish of Lett, County of Cook. 

Maximum thickness of torbanite: Originally about 5 feet. 

Proximate analysis of good sample: Moisture, 0:55%; Volatiles, 77:14%; Fixed 
Carbon, 6-60%; Ash, 15-71%. (Analysis by Dulhunty.) 

References: Carne, 1903; David, 1896; Morrison, 1929a. 

The Hartley Vale deposit, which was the first discovery of torbanite in New 
South Wales (about 1825), was worked extensively from about 1866 till 1900. The old 
workings have now collapsed; but it is believed that most of the available high grade 
material has been worked out. The torbanite was of particularly high quality, and the 
seam attained a maximum thickness of 5 feet. 

The exact stratigraphical position of the deposit is difficult to determine as the 
outcrop occurs only a few feet above the level of the valley floor, and the area has 
been subjected to faulting. Carne indicated that the horizon was about 60 feet above 
the Marangaroo Conglomerate. The base of the coal-measures outcrops about 40 chains 
to the south of the old workings, where the upper member of the Marangaroo, overlying 
the Lithgow Coal Seam, is exposed. The coal-measures are about 400 feet thick in 
the vicinity of Hartley Vale, and the strata dip to the north-east at a low angle. The 
outcrop of the deposit was calculated to be 280 feet below the Katoomba Coal Seam, 
which is exposed at the base of the Triassic sandstone, and 100 feet above the Lithgow 
Seam, which is 20 feet from the base of the measures. The horizon of the deposit must 
be close to the Irondale Coal Seam; but the torbanite is not directly associated with 
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coal seams of any consequence. Thus its position would appear to be close above the 
horizon of the Irondale Coal Seam, rather than actually associated with it. 


Ilford Range. 

Situation: Parish of Hearne, County of Roxburgh. 

Maximum thickness of torbanite: 2 feet 6 inches. 

Proximate analysis of good sample: Moisture, 0°87%; Volatiles, 36:60%; Fixed 
Carbon, 11:26%; Ash, 51:27%. (Analysis by Dept. Mines, N.S.W.) 

This deposit is situated on the north-eastern side of the Ilford Range about 43 miles 
south from Clandulla. The deposit has been prospected by tunnels and trenches, and 
exhibits a maximum thickness of 14 inches. It occurs 25 feet below the top of the 
coal-measures at the base of a coal-bearing horizon, which is separated from the 
Katoomba Seam by 5 to 10 feet of white chert and shales. It is believed that the 
horizon of the torbanite and associated shales is that of the No. 2 Coal Seam, although 
there is a possibility that it may represent a lower split of the Katoomba Seam. The 
coal-measures are about 300 feet thick in the vicinity of the Ilford deposit. 


Joadja. 

Situation: Parish of Joadja, County of Camden. 

’ Maximum thickness of torbanite: Originally 4 feet; material now available: 1 foot 
‘6 inches. 

Proximate analysis of good sample: (a@) Best grade from original 4 foot seam: 
Moisture, 0:12%; Volatiles, 77-36%; Fixed Carbon, 17-82%; Ash, 4:70%. (b) From 18 
inches now available: Moisture, 1:°85%; Volatiles, 52-80%; Fixed Carbon, 21:33%; Ash, 
24-02%. (Analyses (a) by Emmerton; (dD) No. 3082 by Dept. Mines, N.S.W.) 

References: Carne, 1903; Morrison, 1922. 

The Joadja deposit outcrops on both sides of the valley of Joadja Creek, about 
four miles above its junction with the Wingecarribee River. The thickest and richest 
portions of the deposit have been worked out, only the fringes now remaining beyond 
the old workings. 

The deposit occurs beneath a thick bed of sandstone, near the base of the coal- 
measures. It is associated with about 4 feet of bituminous and cannel coal, and is 
situated 12 to 15 feet above the Lithgow Coal Seam, which is 5 feet in thickness and is 
separated from the bituminous and cannel coal by laminated: sandstone. The coal- 
measures are about 150 feet thick, and the Dirty Coal Seam outcrops strongly a little 
below the base of the Triassic sandstone. The beds above the Dirty Seam are absent 
in this locality (Dulhunty, 1941b). The Irondale coal-bearing horizon is not clearly 
defined in the Joadja Valley, and it has been suggested that the coal with which the 
torbanite is associated may be on this horizon. It seems more probable, however, that 
it is the upper portion of the Lithgow Coal Seam, separated from the lower portion by 
laminated sandstone which causes a split in the seam, especially in view of the fact 
that the Lithgow horizon attains a thickness of 15 feet in the valley of Reedy Creek 
about 4 miles to the south-east. Thus it has been assumed tentatively that the Joadja 
deposit occurs at the top of the Lithgow coal-bearing horizon. 


Katoomba. 

Situation: Parish of Megalong, County of Cook. 

References: Carne, 1903; David, 1891. 
(1) Mort’s Lower Seam. Megalong Valley. 

Maximum thickness of torbanite: 1 foot 1 inch. 

Proximate analysis of good sample: Moisture, 0:30%; Volatiles, 74:10%; Fixed 
Carbon, 13:08%; Ash, 12-52%. (Analysis by Dept. of Mines, N.S.W.) 
(II) Mort’s Upper Seam. Megalong Valley. 

Maximum thickness: 8 inches. 

Proximate analysis of good sample: Moisture, 1:65%; Volatiles, 51:00%; Fixed 
Carbon, 33-60%; Ash, 13°75%. (Analysis by Dept. Mines, N.S.W.) 
(Ill) Ruined Castle Seam. Jamieson Valley. 

Maximum thickness of torbanite: 1 foot 2 inches. 
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Proximate analysis of good sample: Moisture, 00-45%; Volatiles, 77-57%; Fixed 
Carbon, 12-73%; Ash, 9:25%. (Analysis by Dept. Mines, N.S.W.) 

Three seams of torbanite occur in the coal-measures underlying Narrow Neck 
Range, which runs south from Katoomba between the headwaters of the Megalong and 
Jamieson Valleys. Two of the deposits, known as Mort’s Upper and Lower Seams, out- 
crop on the western side of the range, while the third, known as the Ruined Castle Seam, 
outcrops mainly on the eastern side, and at one place on the western side. The margin 
ot Mort’s Upper Seam has been opened on the western side of Megalong Creek at the 
west head of Nelly’s Glen, where the author has also located the fringing edge of Mort’s 
Lower Seam. The three seams were thoroughly prospected along either side of Narrow 
Neck Range. Mort’s Upper Seam and the Ruined Castle Seam have both been worked 
for commercial purposes. They contain high quality torbanite, but are limited in thick- 
ness. Mort’s Lower Seam is of little value as it is very thin and consists of medium 
to low grade material. 

It was known that the three seams occurred near the base of the coal-measures; but 
the exact horizons which they occupied had not been clearly defined. The following 
section, illustrating the relative positions of the three seams, was obtained at the 
southern extremity of the old workings on the Megalong side of Narrow Neck. The 
Ruined Castle Seam is not present in this section; but its horizon was determined at the 
northern end of the workings where it outcrops above Mort’s Upper Seam: 

4 feet shaly sandstone. 

2 inches cannel coal. 

Dy dies torbanite. RUINED CASTLE SEAM. 
1 inch  semi-bituminous coal. 

2 feet soft carbonaceous shale. 


Oars coal-measure shales and sandstone bands. 
op laminated sandstone. 

15 inches carbonaceous shale. 

Ae ss bright coal. 

ee torbanite. MORT’S UPPER SEAM. 

Groans dirty coal. 

2 feet carbonaceous shaly mudstone. 

Oe carbonaceous shale and sandstone bands. 


7 inches bright coal. 
2 feet carbonaceous shaly mudstone. 
8 inches torbanite. MORT’S LOWER SEAM. 
3 feet dirty coal. 
re Se grey sandy shale. 
16 inches bright and dirty coal. 
feet blue carbonaceous mudstone. 
a quartz-pebble conglomerate. UPPER MARANGAROO. 
inches bright coal. LITHGOW COAL SEAM. 
feet clay shale and shaly sandstone. 
feet quartz-pebble conglomerate. LOWER MARANGAROO. 
- soft laminated sandstone. 

Mort’s Lower Seam is associated with bands of coal and carbonaceous shale, which 
frequently occur immediately above the upper member of the Marangaroo Congiomerate. 
This horizon is not equivalent to any of the recognized coal seams of the Western Coal- 
field; but it is fairly persistent, and has been recognized in several districts (Dulhunty, 
1941). Mort’s Upper Seam, 21 feet above the lower seam and about 30 feet above the 
upper member of the Marangaroo, is also associated with coal and highly carbonaceous 
shale. This horizon is too low in the coal-measures to be equivalent to the Irondale 
Seam; and it probably represents a local development of coal resulting from the 
conditions favouring the formation of torbanite, although it is possible that it may be 
an upper split of the coal-bearing beds lying on the upper member of the Marangaroo 
Conglomerate. 
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The relative position of the Ruined Castle Seam strongly suggests that it occurs a 
little above the horizon of the Irondale Coal Seam, approximately 46 feet above Mort’s 
Upper Seam, and 88 feet above the Lithgow Seam. 


Lamb’s Seam, Wolgan Valley. 

Situation: Parish of Gindantherie, County of Cook. 

Maximum thickness of torbanite: 12 inches. 

Proximate analysis of good sample: Moisture, 1:05%; Volatiles, 53-92%; Fixed 
Carbon, 11:51%; Ash, 33:52%. (Analysis by Dept. Mines, N.S.W.) 

Reference: Carne, 1903. 

The seam outcrops on the western side of the Wolgan Valley, about 14 miles north- 
west from Mount Wolgan. It has been opened by several short prospecting tunnels, 
but does not exceed 12 inches in thickness. The lower member of the Marangaroo, 
underlying the Lithgow Coal Seam, outcrops about 8 feet above the Upper Marine and 
15 feet below the torbanite deposit. There is no evidence of the Upper Marangaroo, and 
it may be concluded that the torbanite occurs about 10 feet above the Lithgow Coal 
Seam, and close above the horizon of the upper member of the Marangaroo. The coal- 
measures are 425 feet thick in this part of the Wolgan Valley. 


Marangaroo. 

Situation: Parishes of Marangaroo, Lidsdale and Blackheath, County of Cook. 

Maximum thickness of torbanite: Medium quality, 2 feet; very low grade, 3 feet. 

Proximate analysis of good sample: Moisture, 00-95%; Volatiles, 44.60%; Fixed 
Carbon, 7:75%; Ash, 46-70%. (Analysis by Dept. Mines, N.S.W.) 

References: Carne, 1903; Mackenzie, 1887. 

The Marangaroo deposit outcrops along both sides of Middle Creek Range in the 
vicinity of the Marangaroo railway tunnel between Marangaroo Siding and Wallerawang. 
The deposit was developed for commercial purposes as early as 1867. The torbanite 
occurs in the form of large lenses associated with the Dirty Coal Seam over an area 
of about three square miles. Some of the lenses possess a thickness of about 2 feet 
of medium quality torbanite, but the majority are less than 18 inches. 

The Dirty Seam occurs 70 feet below the base of the Triassic sandstone 245 feet 
above the Lithgow Seam, and 312 feet above the base of the coal-measures. The horizon 
of the Katoomba Seam is indicated by coaly bands and carbonaceous shales, about 10 feet 
below the base of the Triassic sandstone. 


Mornington. 

Situation: Parish of Clandulla, County of Roxburgh. 

Maximum thickness of torbanite: about 12 inches. 

Proximate analysis of best sample: Moisture, 0:89%; Volatiles, 33:14%; Fixed 
Carbon, 7:12%; Ash, 58:85%. (Analysis by Dulhunty.) 

Reference: Carne, 1903. 

The Mornington deposit outcrops on both sides of the Main Dividing Range about 
3 miles east from Clandulla. The torbanite is low grade, and the seam attains a 
maximum thickness of 12 inches. 

The coal-measures are 330 feet thick in the vicinity of the deposit. The Katoomba 
Coal Seam is exposed at the top of the coal-measures, and the Lithgow Coal Seam and 
lower member of the Marangaroo Beds outcrop at the base of the coal-measures. There 
is no coal of any consequence associated with the torbanite deposit which occurs 106 
feet below the top of the Katoomba Coal Seam and 215 feet above the Lithgow Seam. 
The horizons of the Dirty and Irondale Coal Seams are difficult to identify in the vicinity 
of the deposit; but the former should occur about 70 feet below the top of the Katoomba 
Seam. It is evident that the torbanite is not associated with any of the major coal- 
bearing horizons, and its stratigraphical position appears to be approximately 35 
below the horizon of the Dirty Coal Seam. 


Mount Blackheath. 
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Proximate analysis of good sample: Moisture, 0:55%; Volatiles, 66:65%; Fixed 
Carbon, 6-53%,; Ash, 26-27%. (Analysis by Dept. Mines, N.S.W.) 

References: Bertrand, 1900; Carne, 1903. 

The deposit outcrops on the western escarpment of Mount Blackheath about three 
miles south-west from the township of Blackheath. The seam was prospected by trenches 
at intervals along the mountain side, but it proved too thin to justify further develop- 
ment. The coal-measures are 257 feet thick and the Katoomba Seam, Marangaroo Beds 
and Lithgow Seam are exposed at several places. The torbanite, which is not associated 
with any of the coal seams, occurs 37 feet above the Lithgow Seam, and 27 feet above 
the top of the upper member of the Marangaroo. It is interesting to note that this 
deposit occupies the same horizon as Mort’s Upper Seam in the Megalong Valley, which 
is four and a half miles away to the south-east; but there is no evidence of the two 
deposits being continuous. 


Mount Marsden. 

Situation: Parish of Goongal, County of Roxburgh. 

Maximum thickness of torbanite: 7 inches. 

Proximate analysis of good sample: Moisture, 0-72%; Volatiles, 58-15%; Fixed 
Carbon, 15:43%; Ash, 25-70%. (Analysis by Dept. Mines, N.S.W.) 

Reference: Carne, 1903. 

The deposit outcrops along the southern slopes of Mount Marsden on the northern 
side of the Capertee Valley. The seam was opened at several places by prospecting 
trenches, but has not been developed owing to limited thickness, although the torbanite 
is of reasonably high quality. It is associated with the Marang’aroo Beds at the base 
of the coal-measures occurring in the Lithgow Coal Seam, below the upper member of 
the Marangaroo. The horizon of the seam is the same as that occupied by the Coolaway 
Mountain deposit, which is situated about 4 miles away to the north; but there is no 
evidence of any continuity between the two. 


Mount Tonalli. 

Situation: Parish of Wingecarribee, County of Westmoreland. 

Maximum thickness of torbanite: Medium quality, 1 foot 9 inches; low grade, 14 
inches. 

Proximate analysis of good sample: Moisture, 0:58%:; Volatiles, 62:94%; Fixed 
Carbon, 7:02%; Ash, 29-46%. (Analysis by Emmerton.) 

References: Carne, 1903; Morrison and Kenny, 1932. 

The deposit, which outcrops along the southern escarpment of Mount Tonalli, has 
been opened by a prospecting tunnel near the south-eastern corner of Mining Lease 2, 
Parish of Wingecarribee. The torbanite, which is associated with coal, outcrops at a 
position 120 feet below the base of the Triassic sandstone, but the upper portion of the 
coal-measures is completely covered by talus debris. The nearest exposure of the coal- 
measures is in Higgins’ Creek, 1 mile to the north-east of the prospecting tunnel. In 
this section three coal seams are exposed at 20, 45 and 125 feet below the Triassic sand- 
stone. It is evident that the torbanite is associated with the lowest of these three 
seams, although it is not present in the section. The highest seam, consisting of two 
feet of good coal, represents the No. 1, or Katoomba horizon; and it was suggested by 
Morrison and Kenny (1932) that the two lower seams may represent upper and lower 
splits of the No. 3, or Dirty Seam. On the opposite side of the Burragorang Valley, 
and also in the vicinity of Lower Burragorang, the No. 2 Coal Seam of the Southern 
Coalfield outcrops between the Top Seam and the Dirty Seam. Thus it would appear 
possible that the second seam exposed in Higgins’ Creek may also be the No. 2 Coal 
Seam rather than an upper split of the Dirty Seam. In either case the torbanite deposit 
is associated with the Dirty Seam, at a position about 105 feet below the Katoomba 
horizon, and 230 feet above the Lithgow Seam. : 


Reedy Creek. 
Situation: Mining Reserve No. 41188, Parish of Joadja, County of Camden. 
Maximum thickness of torbanite: 10 inches. 
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Proximate analysis of good sample: Moisture, 0:27%; Volatiles, 57 
Carbon, 13:20%; Ash, 29:15%. (Analysis No. 3089 by Dept. Mines, N.S.W.) 

Reterences: Morrison, 1922; Morrison and Kenny, 1931. 

This deposit outcrops on the western side of the valley of Reedy Creek, about four 
and a half miles south-east from Joadja. The coal-measures are 140 feet thick, and the 
outcrop, which consists of two thin bands of torbanite separated by cannel coal, occurs 
in the lowest coal seam, the Lithgow Seam, which lies directly on the lower member 
of the Marangaroo Conglomerate. The horizon of this seam occupies from 10 to 14 feet 
ot strata, and the lower member of the Marangaroo is about 20 feet in thickness, forming 
a well-defined line of low cliffs along the sides of the valley. 


38%: Fixed 


Sugar Loaf Mountain. 

Situation: Parish of Hartley, County of Cook. 

Maximum thickness of torbanite: 12 inches. 

Proximate analysis of good sample: Moisture, 0-75%; Volatiles, 59-51%; Fixed 
Carbon, 19:12%; Ash, 20-62%. (Analysis by Dulhunty.) 

References: Carne, 1903; Mackenzie, 1887. 

This deposit outcrops at Sugar Loaf Mountain, one and a half miles south-west from 
the village of Mount Victoria. The torbanite is of good quality, but its limited thick- 
ness detracts from the value of the deposit. The coal-measures are 390 feet thick, and 
the torbanite, which is not associated with coal, occurs 90 feet above the Lithgow Seam. 
The Irondale Seam is indefinite at Sugar Loaf Mountain, but its horizon must be close 
above the torbanite deposit. The Dirty Coal Seam occurs 60 feet below the Katoomba 
Seam, and 235 feet above the torbanite. It has been concluded that the position of the 
torbanite is 90 feet above the Lithgow Seam, and 15 to 20 feet below the Irondale Seam. 


Tong Bong Mountain. 

Situation: Parish of Louee, County of Phillip. 

Maximum thickness of torbanite: 10 inches. 

Proximate analysis of good sample: Moisture, 0:-43%; Volatiles, 46-33%; Fixed 
Carbon, 10:-62%; Ash, 42-62%. (Analysis by Dulhunty.) 

Reference: Morrison, 1929a. 

Tong Bong Mountain is situated near the Mudgee railway line between Rylstone 
and Lue. The deposit outcrops on the northern side of the mountain, where it has been 
opened by two short prospecting tunnels. The mountain is capped by a denuded dolerite 
sill intrusive into the Triassic in the vicinity of the deposit. The coal-measures are 
240 feet thick, and the Katoomba Coal Seam is represented by 8 feet of coal and bands, 
2 feet below the Triassic sandstone. The horizon of the Dirty Coal Seam, 70 feet below 
the Katoomba horizon, is occupied by 10 feet of carbonaceous shale and coaly bands. At 
the base of the coal-measures, a white, coarse-grained sandstone occurs about 15 feet 
above the Upper Marine, and 10 feet below a coal seam, which evidently represents the 
Lithgow horizon. Fifty feet above this seam, and 15 feet below the torbanite seam, there 
occurs an outcrop of perished coal and bands which appears to be the Irondale horizon. 
Thus it has been concluded that the horizon of the torbanite is situated 70 feet below 
the Dirty Seam, and 15 feet above the Irondale horizon. 


Ulan. 

Situation: Portion 9, Parish of Ulan, County of Bligh. 

Maximum thickness of torbanite: 10 inches. 

Proximate analysis of good sample: Moisture, 0°85%; Volatiles, 74:73%; Fixed 
Carbon, 8-72%; Ash, 15-70%. (Analysis by Dulhunty.) 

Reference: Carne, 1903. 

The Ulan deposit is situated near the junction of Ulan Creek with the Goulburn 
River, about 34 miles north of the village of Ulan. The seam has been opened by several 
prospecting shafts. The torbanite is associated with about 2 feet of dirty coal; but the 
stratigraphical position of the deposit is difficult to determine, as the outcrop occurs 
at river level in a large alluvial flat, where sections of the underlying coal-measures are 
not available. About two miles to the south, however, a full section of the measures, 
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250 teet in thickness, is exposed in the vicinity of the Ulan Coal Mine, where the 
Lithgow Coal Seam occurs between the upper and lower members of the Marangaroo. 
A bed of coaly material occupying a position 35 feet above the top of the Upper 
Marangaroo, and 140 feet below the top of the measures, appears to represent the 
horizon of the torbanite deposit, when the dip of the strata to the north-east, and the 
elevation of the deposit, are taken into consideration. 

It seems probable that this horizon is situated between the Upper Marangaroo and 
the Irondale coal-bearing horizon, as it occurs too low in the coal-measures to be 
considered equivalent to the latter. The Katoomba and Dirty Coal Seams have not 
been identified in the vicinity of the torbanite deposit. 


Victoria Falls. 

Situation: Mining Leases 11 and 12, Parish of Blackheath, County of Cook. 

Maximum thickness of torbanite: 4 inches. 

Proximate analysis of good sample: Moisture, 0°87%; Volatiles, 44:85%; Fixed 
Carbon, 19-48%; Ash, 34-80%. (Analysis No. 112, by Dept. Mines, N.S.W.) 

Reference: Carne, 1903. : 

The deposit outcrops immediately to the north of Victoria Falls, on the south- 
western side of the Grose Valley, 34 miles north-east of Mount Victoria. Several short 
prospecting tunnels were originally driven on the seam, but these are not now available, 
and the outcrop, for the most part, is obscured by a heavy covering of talus. The coal- 
measures are 420 feet thick, and the upper member of the Marangaroo, overlying the 
Lithgow Coal Seam, outcrops a little above the level of the Victoria Falls. The position 
of the torbanite deposit is indicated by weathered blocks at several places where recent 
slides have occurred in the talus debris, and its stratigraphical position would appear 
to be about 90 feet above the upper member of the Marangaroo, and 300 feet below the 
Katoomba Coal Seam. This deposit evidently occurs on approximately the same horizon 
as that occupied by both the Hartley Vale and Sugar Loaf deposits. 5; 


Wanganderry. 

Situation: Parish of Wanganderry, County of Camden. 

Maximum thickness of seam: 14 inches. 

Proximate analysis of good sample: Moisture, 0:-46%; Volatiles, 37-88%; Fixed 
Carbon, 14-73%; Ash, 46:93%. (Analysis by Lambeth.) 

The deposit, which outcrops on Wilson’s Creek, about 4 miles above its junction with 
the Nattai River, was discovered in 1941 by A. J. Lambeth, who determined its strati- 
graphical position, and supplied the following data, which have been confirmed by the 
author: The coal-measures, containing three coal-bearing horizons, are 185 feet thick in 
this locality. The No. 3, or Dirty Seam, is situated about 10 feet below the Triassic 
sandstone, and the No. 7, or Lithgow horizon, occurs immediately above the lower 
member of the Marangaroo, at the base of the measures. The third coal-bearing horizon, 
considered to be equivalent to the No. 6, or Irondale Seam, occurs 60 feet below the 
Dirty Seam. The torbanite, which is associated with cannel .coal and carbonaceous 
mudstone, occurs on the Irondale horizon. 


Wollar. 

Situation: Parish of Wollar, County of Comiala. 

Maximum thickness of torbanite: 3 feet. 

Proximate analysis of good sample: Moisture, 0-80%; Volatiles, 45-79%; Fixed 
Carbon, 14-42%; Ash, 38:99%. (Analysis by Dulhunty.) 

References: Jones, 1926; Morrison, 1929b; Morrison, 1936. 

The Wollar deposit occurs in the coal-measures underlying an outlier of Triassic 
sandstone on the northern side of the Sandy Hollow—Maryvale railway line, 3 miles 
north-west of the village of Wollar. It has been prospected by numerous trenches and 
a tunnel on the eastern side of the deposit. The coal-measures are 395 feet thick, and 
the Katoomba Coal Seam is represented by dirty, coaly and carbonaceous shale occur- 
ring immediately below the Triassic sandstone. The torbanite deposit, associated with 
cannel and bituminous coal, occurs beneath a bed of soft tuffaceous sandstone 20 feet in 
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thickness, and is situated 50 feet below the Katoomba horizon. There is no evidence of 
coal for some distance below the torbanite, thus it may be concluded that the deposit 
occurs on the horizon of the Dirty Coal Seam. 


Wondo or Cottage Rock. 


Situation: Portions 1 and 52, Parish of Glen Alice, County of Roxburgh. 

Maximum thickness of torbanite: 10 inches. 

Proximate analysis of good sample: Moisture, 0:17%; Volatiles, 70-23%; Fixed 
Carbon, 18-09%; Ash, 11:51%. (Analysis by Emmerton.) 

Reference: Carne, 1908. 

The Wondo deposit outcrops on the western side of the valley of Umbiella Creek at 
its junction with the Capertee Valley. The torbanite outcrops near the base of the coal- 
measures, which are 500 feet thick in this locality. The Lithgow Coal Seam and Lower 
Marangaroo are exposed at several places along the mountain side, although their outcrop 
is largely obscured by talus. The position of the torbanite deposit is about 35 feet above 
the Lithgow Coal Seam, and 65 feet above the base of the measures. 
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SEROLOGICAL STUDIES OF THE ROOT-NODULE BACTERIA. 
Ill. TESTS OF NEIGHBOURING STRAINS OF THE SAME SPECIES. 
By D. Q. HueHes and J. M. VINCENT, School of Agriculture, University of Sydney. 


[Read 17th June, 1942.] 


Introduction. 


The results of many investigations have shown that the root-nodule bacteria are 
characterized by considerable cultural, biochemical and serological variation within the 
species, and by differing ability to fix nitrogen in association with a particular host 
plant. But it has been exceptional for the exact locality of the host plant from which 
the culture was first isolated to be reported; frequently it is stated that the strains 
were obtained from widespread areas and in other cases they have been supplied from 
collections or obtained from commercial cultures. The extent of similarity or differences 
that occur between isolates from contiguous plants has seldom been indicated; there 
is some information as to strains isolated from the single plant and within the one 
nodule, but even here more information seems to be required. 

A. Strains from Separate Plants—Helz, Baldwin and Fred (1927) included in their 
cultures seven strains obtained from pea plants growing in Urbana, Illinois, U.S.A. No 
more detailed information was supplied as to the relative location of the host plants 
and, as judged by growth of inoculated pea plants, there was no striking difference 
between the strains. Eckhardt, Baldwin and Fred (1931) included four strains of 
Rhizobium lupinit from Madison, Wisconsin, U.S.A., and three from Hancock in the 
same state. Growth and changes in H-ion concentration were recorded for many sugar 
media and some of the strains coming from the same area showed differences in 
behaviour, especially in amount of growth. However, in the absence of information 
as to reproducibility of the results with the same strain, the significance of such - 
differences is not established. Tested against Lupinus albus L., the three Hancock 
strains differed as indicated below: 


Strain. 
811 812 813 Control. 
Appearance of plants on ae aoe Very good. Good. Fair.- Poor. 
Dry wt. per plant (gm.) .. as as 0-820 0-619 0-478 0°395 
Per cent. nitrogen a ve = 2-93 3:19 avAll 1-79 


Leonard and Dodson (1933) studied six isolates from plants of Austrian winter 
pea (Pisum sativum L. var. arvense Poir.), which were evidently growing in the one 
farm area, and found that they differed in the level of efficiency of fixation with this 
host. Since three cultures obtained from plants of Louisiana vetch (Vicia ludoviciana 
Nutt) which were growing nearby, all proved ineffective with the Austrian winter pea 
in greenhouse trials, the authors postulated these plants as the source of the strains 
which were proving ineffective with the cultivated pea. The same workers reported 
beneficial results from seed inoculation with tested strains, even though the plants were 
growing in areas known to harbour inefficient strains. 

Wright, Sarles and Holst (1930) briefly reported a study of 156 strains of 
Rhizobium japonicum isolated from soils in which soybeans had been growing. Without 
giving details these authors stated that they found two main cultural and six serological 
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groups and that there was a marked tendency for strains of any one soil to fall into the 
same serological and cultural group. However, the same group could contain strains from 
more than one area. It seems possible that this degree of homogeneity within an area is 
more apparent than real and had flagellar and somatic agglutination been distinguished 
further subdivision might have occurred amongst strains obtained from the same soil. In 
this connection it is relevant to compare the more detailed subdivision of Rhizobium 
meliloti and Rh. trifolii that has followed from the recognition of the two types of 
agglutination as reported in the two earlier papers of this series (Vincent, 1941, 1942). 
Where the strains used in these studies were obtained from nearby areas it was observed 
that in a number of cases they were serologically distinct. Examples have been 
abstracted and are set out in Tables 1 and 2 below. 


TABLE 1. 
Reactions of Some Strains of Rhizobium meliloti (Vincent, 1941). 


Reactions with Test Sera. 


Flagellar. Somatic, 

Collection Host 47 Pats 47 27 74 102 66 
No. Plant. Source. Ab. bc. Wo INH Ue IYo abl, Wik, IMEI, We UI, WAU 
62 M.H.D. Roseworthy, $.Aust. L 4 2 4 
74 M.S. Ee ae 1 4 = = 3 = | 
24 M.S. Leeton, N.S.W. 1 4 iz 4 
25 VRS Sees an in 3 1 2 2 


Key to host species: M.H.D.= Medicago hispida Gaertn. var. denticulata Urb. ; M.S.= Medicago sativa L. 

Key to reactions : 4=positive at 1/3200 or higher ; 3=positive at 1/800 ; 2=positive at 1/200; 1=positive at 
1/50; --=inconsistent at 1/50; — —=no reaction at 1/50. 

The signs: Ab, bC and I-VII are those applied in the previous paper to represent the antigenic constitution of 
strains of Rhizobium meliloti. 


TABLE 2. 
Reactions of Some Strains of Rhizobium trifolii (Vincent, 1942). 


Reactions with Test Sera. 


Flagellar. Somatic. 

Collection Host 36 46 36 61 46 
No. Plant. Source. A. B. if, Il. IU 
“108 T.S.  Manildra, N.S.W. 3 = 4 = = 
35 eS: ah a 3 ~ - 4 = 
114 T.S. 5 i 2 xt oe fe ea 
156 T.G. Glen Innes, N.S.W. ae oe 3 _ — _ a 
159 T.S. 59 9p ” o0 = — — 2 1 
161 APs x5 MSIE Ny ae = _ _ _ — 
153 Ge Goonoo Goonoo, N.S.W. i 2 _ - = 4 
142 Ge $3 es an As — -- — — _ 


Key to host species: T.G.=Trifolium glomeratum L.; T.P.='. pratense L.: T.S.=T. subterraneum L. 

Key to reactions: As in Table 1. 

The signs A, B and I-III are those applied in the previous paper to represent the antigenic constitution of strains 
of Rhizobium trifolti. 


B. Strains from the Same Plant—Dunham and Baldwin (1931) briefly review 
earlier reports on the simultaneous presence of two or more strains of nodule bacteria 
on a single host plant. Particularly they refer to the use of serological methods of 
distinguishing strains and note that several workers (Bialosuknia and Klott, Okawara 
and Yoshida, and Jimbo) have found more than one strain... On the other hand, it is 
recorded that Israilsky failed to find more than one strain on a single plant. The same 
authors report that Sarles with Rhizobium japonicum and Gray with Rh. meliloti had 
distinguished two strains within the single nodule. It was considered that coalescence 
of adjacently-developing nodules might explain this evidently unusual condition. Dunham 
and Baldwin themselves were able experimentally to obtain double infection with two 
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distinct strains of Rhizobium meliloti and found that generally this was more easily 
effected if the two cultures were provided simultaneously. It seemed that previous 
invasion by a strain checked or prevented invasion by another. They found no case 
of double infection within the one nodule. Nicol and Thornton (1941) have recently 
presented much more evidence on the points raised by Dunham and Baldwin. They 
found that in peas and soybeans the “nodule-producing capacity” of the plant may be 
partially or wholly satisfied by the nodules produced within the first few weeks and 
that this might explain subsequent failure of another strain to enter. These workers 
were unable to obtain any evidence supporting the idea of a resistance developed to a 
second strain. In cases where one strain tended to form more nodules, and these more 
rapidly, than another it seemed that this was due to the rapid growth made by the 
successful strain which led to its “dominance” in the flora surrounding the root-hairs. 


Technique for the Recognition of Strains. 


Whilst, from a strictly practical point of view, the most important characteristic 
of a strain of Rhizobium is its ability to fix nitrogen in association with a particular 
host, tests of this nature occupy a good deal of time and apparatus, and the number of 
strains which can be tested is thereby limited. Moreover, it is questionable whether, in 
the matter of fundamental differences or similarities, the efficiency level of a strain is 
an adequate criterion. This is particularly suggested by the results of Allen and Baldwin 
(1931), which indicate that the efficiency level can be affected quite readily by repeated 
exposure to a host plant. According to Fred, Baldwin and McCoy (1932), the same 
workers found that other properties, including serological, remained unchanged. Such 
antigenic constancy going along with varying effectiveness is in accord with the consider- 
able body of evidence accumulated by medical and veterinary bacteriologists, and is 
supported by those who have used serological methods for the study of Rhizobium. 
Experience in this laboratory over the last two years emphasizes the same fact. The 
agreement between complementary antigen/antiserum tests (position of antigen and 
antiserum reversed) reported in the two earlier papers as well as the result of a 
repeated animal inoculation with one strain, show that the reaction is qualitatively 
independent of the individual animal. Tests which have been carried out after 
continued cultivation and subculturing on laboratory media have agreed closely with 
earlier tests, and the reactions of strains re-isolated from inoculated host plants have 
been quite unaltered. 

For these reasons it is felt that the agglutination reaction reflects some fundamental 
and relatively constant characteristic of the bacterial cell and provides a ready and 
reliable means for the recognition and separation of strains. The methods used are 
essentially those described in the earlier papers for the recognition of flagellar (H) and 
somatic (O) reactions and the sera are those already used for Rhizobium meliloti and 
Rh. trifolii. 

In presenting results, letters (a, b, etc.) are applied to designate groupings of 
similar, though not necessarily identical, reactions within an individual experiment. 
It is emphasized that such groupings represent a temporary expedient for convenience 
in discussion, and that the symbols used have no relationship between experiments. 


RESULTS. 
A. Strains isolated from Separate Plants. 
Experiment 1.—Isolations from Medicago minima. 

Plants were collected from the property of Mr. C. H. Beeson, “‘Leyburn’’, near 
Gunnedah, N.S.W. The location of each plant was mapped approximately at the time 
ot collection and a number given. In Table 3, these isolations are listed in the same 
order of proximity as in the field. 

An isolation was made from a single nodule of each plant which had been surface- 
sterilized in the usual way with mercuric chloride, washed, crushed and stroked across 
plates of yeast-mannitol agar. The culture was then developed from a single, well- 
isolated colony and tested on potato, litmus milk, and for ability to produce nodules. 

Antigen was prepared and tested as already described against representative antisera 
which had been prepared in connection with the earlier study of strains of Rhizobium 
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TABLE 3. 
Location of Strains isolated from Medicago minima. 


Index to 


Location Description of Area. Serological 
Number. Reactions. 
MM 
8 Virgin soil behind dam h 
9 £ 
10 f 
11 Cleared 1936; under wheat 1936-40; grazed during 1941 e; 
12 c 
13 1 
14 r 
5 ey 
6 Virgin soil on creek bank aa 
7 ay 
1 ; Ce 
2 Cleared 1932; wheat- 1933-34; wheat and lucerne 1934 ; g 
3 lucerne died out 1936; grazed since 1934 g 
4 i 
15 i 
16 b 
17 Virgin soil, horse paddock d 
18 i 
19 g 
20 g 


Note.—The symbol for index to serological reactions is obtained from the succeeding 


table. 
TABLE 4. 
Reactions of Cultures isolated from Separate Plants of Medicago minima. 
Reactions with Test Sera. 
Flagellar. Somatic. 
Index to 
Location 47 27 47 27 74 102 66 Serological 
Number Ab. be. I, III. il IBY II, VI. 1006 Wo. | 1G Yet Reaction. 
i + 3 3 2 _ = = ay 
6 2 3 3 + _ - - a 
16 2 4 — _ _ _— _ b 
12 + 3 2 _ — _ 3 c 
17 1 3 _ _ _ _ _ d 
5 3 ae 4 83 _ _ — e; 
11 3 = 3 3 _— = = ey 
il 3 SE 1 4 —_ = = Cs 
10 4 + _ _ 2, — = ff 
2 3 - ~ — — — — g 
2 3 + _ — = — — g 
9 3 + = — — — _— g 
19 3 a as Ee = a a ¢ 
20 3 - - ~ — - - g 
8 = ae 3 2 _ — — h 
4 a = = = = - = i 
13 = = = = — -- i 
14 = = ak = - - - i 
15 = aut a a = a = i 
18 = = = = = — - i 


Key to reactions: As in Table 1. 
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meliloti (Vincent, 1941). The results, all of which were checked by a repeated test, are 
given in Table 4. Flagellar (H) reactions are recorded for antisera 47 and 27 repre- 
senting antigens Ab and bC respectively, and the somatic (O) for the five sera: 47, 27, 
74, 102 and 66, which represent the seven somatic antibodies so far recognized within the 
species. 

At least nine groups can be recognized amongst the twenty isolations of this 
experiment and that without counting probable sub-groups of a and e nor examining 
further cases listed as g and i, subdivision of which might occur if tested against 
additional antisera. Not only are the strains within the relatively-restricted area of a 
farm very heterogeneous, but there is also little if any relationship between directly 
neighbouring strains (see Table 3). As they occurred in the field the plants 9-14 were 
very close together yet their cultures represented at least five distinct serological groups. 

It should be noted also that whereas the bulk (39/47) of the flagellar reactions 
previously recorded for this species of Rhizobium (Vincent, 1941) were of the DC type, 
in this case only five reacted in this way compared with nine reacting in the Ab fashion. 
Six cultures failed to react with either types of H antibody. In the latter case lack of 
H reactivity went along with observed motility and those which failed to react with 
both H and O, yet produced nodules on species of Medicago. 


Experiment 2.—Isolations from Trifolium glomeratum. 

Plants were collected from the property of Mr. W. W. Watson, ‘Woodbine’, 
Tichborne, N.S.W. The location of each was recorded as in Exp. 1. The isolation and 
testing procedures were similar to those already described for strains from Medicago 
minima. Antisera were those developed against strains 36, 46, 61, 111 and 91 and used 
in a previous study of Rhizobium trifolii (Vincent, 1942), but it is only necessary to 
record results for H against 36(A) and 46(B) and for O against 36 (1), 61 (II) and 
46 (III). Data are given in Tables 5 and 6. 


TABLE 5. 
Location of Strains isolated from Trifolium glomeratum. 


Index to 


Location Description of Area. Serological 
Number. Reactions. 
TG 
1 Wheat stubble paddock a ae on =A BS g, 
3 Wheat stubble paddock Ba a ae ee a a 
4 Unbroken soil near 3... ae = Ss 26 ates c 
5 Oat paddock Las os Sh oe st ye a Zo 
6 Grass paddock .. Ne = my ie as oa b, 
z h 
8 Wheat paddock a = fos Ses aa =5 h 
9 a 
10 ee 
11 Wheat paddock ane Ne oe ara “ ac b, 
12 o 
13 Near clover plots ee oe Be a, aa Bes e; 
4 d 
15 Grassed .. aA br: ac Se on oe ae e 
16 c 
17 b, 
18 About house Stoayes ae oe he x we Co 
19 h 
20 f 


Note.—The symbol for index to serological reactions is obtained from the succeeding 
table. 
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TABLE 6. 


Reactions of Cultures isolated from Separate Plants of Trifolium glomeratum. 


Reactions with Test Sera. 


Mlagellar. Somatic, 

—- —— = —— ——— ——_—— - Index to 
Location 36 46 36 61 46 serological 
Number. A. B. It {I. ILL. teactions. 

4 = 4 —_ a 

9 4 = 4 = l 
6 3 = = 3 = by 
17 3 — — 3 _ by 
11 3 — — 1 — b. 

15 4 — = — — c 
16 3 — = = fa C 
3 — = oa art C 

14 3 3 — — — d 
10 _ 3 — = SE ey 
13 — 2 _— _ = e 
18 = 1 = = — Ce 
20 — _ 2, — - f 
1 = = - = 1 1 
5 — — = _ 4 gy 
12 = = _ — 3 Zo 
iG = = = — = h 
8 = = = = = h 
19 = = = = = h 


Key to reactions: As in Table 1. 


These results are very Similar to those obtained with Rhizobium meliloti in Experi- 
ment 1. Although the number of testing sera is less, and therefore the chances of 
subdivision reduced, it has been possible to divide the nineteen cultures into at least 
eight groups. Some of these (viz., b, e, g, ¢c and h) might be further divisible. As 
before, strains from neighbouring plants can be quite different and the same (or 
similar) type is likely to be picked up from widely separated parts of the farm. 

Strains which failed to give an H reaction were definitely motile and all produced 
nodules on clovers. 


Hxperiment 3.—Isolations from Trifolium repens. 

Plants were collected from six localities spaced over the grounds of the University 

of Sydney. Three plants growing within a few feet of each other were taken from each 

~location and an isolation made from a nodule of each plant as before. Tests were 
carried out against the same sera as were used in Experiment 2; relevant data are 
supplied in Tables 7 and 8. 

At least six groups can be recognized, and additionally, for the same reasons as 
noted above, groups b, e, d and f might well subdivide further. Strains from three 
plants collected close to each other show some similarity, as for example 3-1 compared 
with 3:3 and possibly cases within 4, 5 and 6 localities. However, it must be noted that 
since the group d is a rather indeterminate one, the similarity may be superficial. In 
other cases isolations from the same locality are quite different from each other, and 
this is particularly so in the cases of 1 and 2. The fact that these were situated in an 
area used as a horse-yard might be responsible for the marked heterogeneity of the 
strains. The other areas were either lawns or recently built-up ground carrying only 
occasional plants. 


148 


SEROLOGICAL STUDIES OF THE ROOT-NODULE BACTERIA, 


TABLE 7. 
Location of Strains isolated from Trifolium 
repens. 
Index to 

Location Serological 
Number. Reactions. 

TAR: 

ikeal fi 

Ibo bs 

1:3 a 

elt Co) 

222, d 

ie ey 

oral b, 

330% f 

3°3 b, 

4-1 d 

4-2 d 

4°3 e2 

Gyoat d 

522 d 

5:3 f£ 

6-1 d 

6:2 d 

6:3 d 


Note-—The symbol for 
serological reactions is obtained from the 


succeeding table. 


TABLE 


8. 


index to 


Reactions of Cultures from Separate Plants of Trifolium repens. 


Reactions with Test Sera. 


Flagellar. Somatic. 
Index to 
Location 36 46 36 61 46 Serological 
Number. A. B. i Il. 1g 0t Reactions. 
1193} 3 — 2 ao + a 
Osea 3 — _ 2 2 b, 
B83 2 — _ 2 2 Dy 
1/294 3 — _ 2 ze De 
PHOT 3 _ — 2 — € 
2-2 2 — _— = — d 
4-1 3 _— — _ _ d 
4-2 3 — — _ = d 
Da: 3 _— _ — — d 
6-1 3 — — _ — d 
6-2 3 — — — _ d 
6°3 3 — — — — d 
2-3 _ — 2 = = ey 
4:3 = = il + = C5 
1103] _— — — — =— if 
a3 o04 = = Eas ee nis f 
5-3 _ _ — = — f 


Key to reactions: As in Table 1. 
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Experiment 4.—Strains of Rhizobium meliloti obtained from Plants developed from 

Sterilized Seed sown in a Small Area. 

Sterilized seeds of Medicago sativa, Medicago hispida var. denticulata and Melilotus 
alba Desr. were sown within an approximate area of nine square yards of garden soil 
(Merrylands, N.S.W.). Isolations were made from separate plants, and cultures were 
tested against the same sera as were used in Experiment 1. All necessary data are 
given in Table 9. 


TABLE 9. 
Reactions of Cultures from Sown Medicago spp. and Melilotus alba. 


Reactions with Test Sera. 


Flagellar. Somatic. 

Index to 

47 27 47 27 74 102 66 Serological 

Location. Host. Ab. be. 15 10Bf, lis IAW II, VI. III, V. 186, WADE, Reaction. 
4 M.S. — 4 2 3 - — _ a 
4 M.H.D. — 4 3 4 = — — a 
4 Mel. A. — 4 3 4 — — — a 
& M.S. — 3 2 3 - - -- a 

5 M.H.D. - 4 2 3 — — _ 

5 Mel.A. — 4 3 2 — = - a 
7 M.S. _— 3 2 4 — — — a 
7 M.H.D. — 3 2 3 +s —- = a 
8 M.H.D. = 3 2 4 - — _ a 
8 Mel.A. _ 4 2 3 - — = a 
2 M.S. _ 4 1 = 3 2 1 b 
7 Mel.A. — 3 _ — — _ c 


Key to reactions: As in Table 1. 
Key to host plant : M.S.= Medicago sativa ; M.H.D.= Medicago hispida var. denticulata ; Mel. A. = Melilotus alba. 


Within this small area there is evidently a fair degree of homogeneity. It should 
be noted that the reaction here designated as a is of the same kind as that shown by 
strain 27 itself isolated from a plant growing within a few yards of the garden plot used 
for this experiment. Cultures with similar reactions were commonest amongst the 
isolations tested in the first paper of this series. 


B. Strains isolated from the Same Plant. 
Experiment 5—Comparisons of Cultures isolated from Pairs of Nodules. 

In the cases of twelve plants of T. repens (selected at random) used in Experiment 3, 
a second nodule was used for isolation. The reactions of the second culture are compared 
with those of the first in Table 10. The second isolation is indicated by an extra digit— 
e.g., 11:1 is to be compared with 1-1, 12-1 with 2-1, etc. 

The extreme right-hand column of the table includes an estimate of the agreement 
between members of each pair of nodules. In five cases the difference between them is 
quite definite and in at least one other case a difference is probable. In cases classed as 
possibly alike, a more detailed examination would be required to establish serological 
identity. These results show that it is not uncommon for an individual plant growing 
in this area to have nodules on it developed from different strains of organism. This is 
supported by results reported in Table 11 in connection with the next experiment; 
only in one out of four plants were all isolations from replicate nodules the same. 


Heperiment 6.—Tests of Cultures developed from the Same Nodule. 


In the case of four plants of JT. repens isolations were made from more than one 
nodule per plant, and additionally a number of single colony pickings was made from 
the growth that developed for each nodule. The plates from which the preliminary 
pickings were made were kept in a refrigerator so that in the cases of pairs of nodules 
which showed definite differences for the one plant, more cultures could be developed. 
The number of colonies tested in each case is shown in Table 11. 
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Reactions with Test Sera. 


Flagellar. Somatic. 
36 46 36 61 46 
Culture. A. B. I IT It. Comparison. 
on ake cae ae == _ Unlike. 
11-1 2 a he 2 es, 
ike?) 3 — — 2 = Probably unlike. 
11-2 2 — 1 — 
1-3 3 — 2 = + Unlike. 
iaks3} 2; _ == eo = 
isle 3 — — 2 — Unlike. 
12-1 2 — = — — 
2-2 2 — — — — Possibly alike. 
ipAey) 2 — — 1 _ 
223} — — 2 _ _ Possibly alike. 
12-3 _— = 3 SE ge 
3-1 3 — _ 2 2 Unlike. 
13-1 2 = = 2 ae 
BOB} 2 — — 2 Unlike. 
i3ee3 + = a = as 
4-2 3 — — oa _ Possibly alike. 
14-2 2 = = il — 
ial 3 _ _ — — Possibly alike. 
15-1 1 = — — — 
DE 3 — — — - Possibly alike. 
1NGSe 2 — == = = 
6-2 3 _ — — — Possibly alike. 
16:2 Bes = = a a 
Key to reactions: As in Table 1. 
TABLE 11. 
Tests of Cultures from the Same Plant and Same Nodule. 
Reactions with Test Sera. 
Flagellar. Somatic. 
No. of : 
Colonies 36 46 36 61 46 
Plant. Nodule. Tested. A. B. Me If. Ii. 
A 1 4 3 = =f om 7 
A 2 4 3 - se = = 
B 1 6 — — 3 = 
B 2 6 _ — — — = 
Cc 1 nal 3 = = 3 = 
C 2 2 3 _ — = = 
C 3 3 3 — - = = 
C 4 13 — — - 2 2 
D 1 2 3 _ — = — 
D 2 12 3 _ = 3 = 
D 3 3 3 — _ 2 — 
D 4 7 3 _ — — = 


Key to reactions : 


As in Table 1. 
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Altogether seventy-three single colony pickings have been made from twelve nodules, 

including those from plants known to harbour more than one strain in different nodules. 

In no ease has more than one serological type been found within the nodule. This 

homogeneity contrasts strongly with the heterogeneity that has been established amongst 
plants growing close together and even in different nodules of the same plant. 


Discussion. 

From the results reported in this paper it would seem that not only is there 
considerable heterogeneity within the species Rhizobium meliloti and Rhizobium trifolii 
amongst cultures collected from different districts, but that those coming from relatively 
close areas and even from different nodules of the same plant can fall into distinct 
serological groups. It will be difficult, therefore, to form any estimate of the charac- 
teristics of the rhizobial population of a given area without the collection and testing 
of a large number of cultures. 

In striking contrast to this state of affairs is the homogeneity existing within the 
single nodule. This agrees with the report of Dunham and Baldwin (1931) and 
indicates that some factor is operating to restrict the development within a single 
nodule, at least largely, to a single strain. It would be of considerable interest to know 
whether this factor operates (a) outside the root-hair, controlling the nature of the 
intimate rhizobial population, (0) at the time of invasion by favouring the entry of 
one kind out of a mixed population, or (c) within the nodule, causing the development 
of just the one strain and the overgrowth and inhibition of others. Recently Nicol and 
Thornton (1941) have postulated competition between strains outside the plant as a 
major factor in determining the extent to which one particular strain will gain entry 
rather than another to which the plant is exposed at the same time. However, in view 
of the occurrence of different strains on neighbouring nodules, this will scarcely explain 
the purity of culture within the nodule. A recent report by Jensen (1941) of rhizobia 
obtained from nodules of Medicago spp. proving to be Rhizobium trifolii (able to nodulate 
Trifolium but not Medicago) is somewhat surprising in view of our results. 


SUMMARY. 


The agglutination reaction has been used to analyse strains of Rhizobium (a) occur- 
ring on different plants growing within a well-defined area, (b) obtained from different 
nodules on the same plant, and (c) found within the one nodule. Experience of other 
workers and our own results show that the test is reliable and reflects some fundamental 
characteristic of the bacterial cell which is relatively constant. Good agreement has 
been obtained (a) with sera from different individual animals, (0) after prolonged 
laboratory cultivation, and (c) after passage through a host plant. 

Twenty cultures of Rhizobium meliloti, obtained from separate plants of Medicago 
minima, all of which were growing within the same farm area, contained at least nine 
distinct serological groups. Furthermore, there was no evident relationship between 
location in the field and affinity in observed reaction. Similar tests with Rhizobium 
trifolii, both from Trifolium glomeratum and T. repens, Showed at least eight strains in 
nineteen and six in eighteen cultures respectively. Twelve cultures of Rhizobium 
meliloti from a much smaller area showed three types, although one of these 
predominated. 

When cultures developed from pairs of nodules—each pair from the same plant— 
were compared, it was found that in five cases the members of the pair were definitely 
unlike; in one case a difference was probable, whilst the remainder were possibly alike. 

In contrast to this heterogeneity, replicate single-colony pickings from material 
developed from the same nodule gave consistently the same result. No case of difference 
within the nodule was found with cultures developed from seventy-three colonies repre- 
senting in all ten nodules from four plants, although it was known that this material 
showed differences between nodules. 
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NOTES ON THE GRADIENT WIND IN LOW LATITUDES. 
By W. J. Gisss, M.Sc. 
(Two Text-figures. ) 
[Read 17th June, 1942.] 


In the majority of meteorological text-books remarks on the gradient wind are 
usually restricted to the derivation and discussion of the equation involving the force 
due to the pressure gradient, the geostrophic force, and the cyclostrophiec force, usually 
being expressed as the relationship 

Pa=1GasteC? 
where P is the force due to the pressure gradient, 
G is the geostrophic force, and 
C is the cyclostrophic force. 

Because most writers are not concerned with equatorial meteorology, their studies 
are generally confined to higher latitudes, the equatorial regions being dismissed with 
the comment that there, the deflecting force due to the earth’s rotation is very small and 
the above equation does not apply. Also, in most analyses a steady state is assumed, in 
which motion is at right angles to the forces and the forces are in equilibrium, and 
where the geostrophic force is large the assumption of this steady state is permissible; 
however, in lower latitudes where velocities are frequently small, the assumption of a 
steady state gives results which in practice are never attained. 


Case at the Equator. 


Consider the position at the equator where there is no deflective (Corioli’s) force 
due to the rotation of the earth. The forces acting are the force due to the pressure 
gradient and, if air in motion follows a curved path, the cyclostrophic force. The 
cyclostrophic force is often quoted as being of major importance in low latitudes, but 
it is more correct to state that it is of potential importance, as frequently air in 
equatorial regions moves with a straight trajectory, and consequently the cyclostrophic 
force is negligible or zero, in which case the only force acting on the air is the force 
due to the pressure gradient. 

It is obvious that air at rest at the equator on being controlled by a pressure gradient 
(the isobars being straight or curved and crossing the equator at any angle) will move 
in a direction from high to low pressure and normal to the isobars. The velocity of the 
air is dependent upon the force due to the pressure gradient, but is limited by the fact 
that the lower latitudes cover a region of converging and ascending air. 

In considering the case of air in motion at the equator, suppose that an element of 
air with velocity ‘V’ comes under the control of a pressure gradient such as that shown 
in Figure 1. If the air originally has a straight line path the only force acting will be 
that due to the gradient, ‘P’. This will tend to give the air a parabolic trajectory as 
shown by the dotted line, and this curved path would introduce a cyclostrophiec force ‘C’ 
tending to deflect the air away from the low pressure area, as Shown in the figure. It is 
clear that only two stable states are possible: (a) the case where the path becomes 
straight, ‘C’ becomes zero and air moves with direction normal to the isobars; and 
(b) the case where the isobars are cyclonic, ‘P’ = ‘C’ and wind blows in either direction 
around the centre of low pressure. Although theoretically possible, case (b) does not 
occur in practice mainly because of flat gradients and absence of well-developed centres 
of low pressure in equatorial regions. 

It is evident from this brief discussion of gradients at the equator that at the equator 
the direction of the gradient wind is from high to low pressure and normal to the isobars. 
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General Case in Low Latitudes. 
Consider now the general position in low latitudes where the geostrophic force is 
small. 
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Figs. 1 and 2. 


Figure 2 shows a general case of pressure distribution with a stationary element-of 
air at ‘a’. The initial movement of this element will be in the direction of the force ‘P’ 
due to the pressure gradient, but the movement will involve the geostrophic force acting 
at right angles to the line of motion, and so the particle will tend to a curved path as 
represented by the dotted line. This will introduce the cyclostrophic force so that at 
another position ‘b’, the element will have the three forces, ‘P’, ‘G’ and ‘C’ acting as 
shown in the figure. In higher latitudes the geostrophic force ‘G’ acting at right angles 
to the direction of motion soon constrains the wind to a direction parallel to the isobars, 
but in lower latitudes where ‘G’ is small, very large velocities are required to maintain 
a steady state. ; 

Consider the case of straight isobars in which ‘G’ is equal to ‘P’. 


i ole . : 
P= — = where p = the density of the air 
p dn 
— = the pressure gradient. 
dn B 
Also G=2wV Sing wherew= angular velocity of earth 


V = velocity of air 
© = latitude. 
Using the values p = 0-0012 gm./cc. 
w= 7:29 x 10> radians/sec. s 


dP il 

we have the relationship V = 5:73 x 10° x —~x : 
dn Sin @ 

Selecting common pressure gradients experienced in low latitudes, we get the 


following values of velocity at different latitudes: 
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Gradient of 2 millibars in 


Latitude. 100 miles. 200 miles. 300 miles. 
10° Se ales 41 m.p.h. 30 m.p.h. 
8° RPS eas BS ona 37 
6° 150s, 75 50 
4° PAG ap Nal U8 
oo Oe 225 


” 150)) 5; 


Gradient velocities greater than 30 m.p.h. are uncommon in latitudes lower than 10°, 
and regarding this fact in conjunction with the above table, we may deduce that for 
straight or anticyclonically curved isobars with the usual gradients, ‘G’ is never equal 
to ‘P’. It follows that wind direction is not along the isobars, but across them in a 
direction from high to low pressure. It will be noted from the table that between 
latitudes 6° and 10° weak gradients give reasonable velocities, but the weakness of the 
gradient is such that the gradient wind is not of sufficient velocity for the development 
ot a geostrophic force equal to the gradient force. 

On the other hand, consider the case of isobars with cyclonic curvature, where, 
disregarding the relatively small geostrophie force, it is possible to have equilibrium 
between the force ‘P’ due to the pressure gradient and the cyclostrophic force ‘C’. The 
value of the cyclostrophic force is given by the equation 


2 


C= — where V = wind velocity 

ig 

and r = radius of isobar along which wind blows; 
so that if © =P 

Rog Che 

v= — 
p dn) 

and once more, taking values of pressure gradient and radius of curvature of isobars 


usual in low latitudes, we get the following table of velocities: 


Gradient of 2 millibars in 


Radius of Curvature. 100 miles. 200 miles. 300 miles. 
200 miles 40 m.p.h. 28 m.p.h. 23 m.p.h. 
400 BES op 40°. .,; Bs 
GOO™ 155 CO Sp BO) ga 40 
SOO op S22 mays Dynes 46 


From this table it is seen that with weak gradients and a small radius of curvature, 
moderate velocities are possible and occasionally these do occur in low latitudes, but the 
case in which the cyclostrophic force balances the force due to the pressure gradient is 
not as common in equatorial regions as text-books generally indicate. This is because 
(a) radii of curvature are generally large, (b) well-developed low pressure systems with 
circular isobars are uncommon, the isobars being irregular, which prevents the steady 
state of balance between cyclostrophic and gradient forces being established. 


The Tropical Cyclone. 

The tropical cyclone, hurricane or typhoon is the only case encountered in the 
lower latitudes to which the formula P = G+ C is valid, and the absence of this 
phenomenon in latitudes lower than 10°S. is a sure indication of the departure of wind 
direction from trajectory along the isobars in that region. 


Conclusion. 


It is therefore apparent that in latitudes less than 10°, wind direction tends to a 
direction normal to the isobars from high to low pressure for straight or curved isobar's. 
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(Plate v; eleven Text-figures. ) 
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I. Introduction. 


Cooma, situated on the Southern Tablelands of New South Wales at a distance of 
268 miles by rail from Sydney, presents an interesting problem in metamorphic geology. 

The general geology of the area was investigated by W. R. Browne in 1914 and the 
age of the igneous rocks was further discussed by him in 1929. Slates containing Upper 
Ordovician graptolites have been invaded by bathyliths of Ordovician, of Silurian and of 
Kanimbla (Devonian or Carboniferous) age. To the east of Cooma the Ordovician rocks 
are overlain by Silurian strata, and much of the area, particularly that to the south, is 
covered by Tertiary basalt. 

The present work is a petrological study of the Ordovician granite-gneiss and of 
the Ordovician country-rocks unaffected by the Silurian intrusions and locally altered 
by the Kanimbla granite. The first aim of the investigation was to identify the original 
country-rocks prior to their metamorphism and to trace each rock-type through the 
various grades of metamorphism. 

The map of the district (Plate v) is a reproduction of that published by Browne 
(1914) with some modifications and additions both by Dr. Browne and myself. The 
original survey extended south to a latitude just beyond Arable Trigonometrical Station, 
and I have continued mapping a further six miles. In this southerly extension, however, 
boundaries are only sketched as the detailed mapping of granite and basalt has little 
bearing on the present problem. Specimens of schist and of granitized schist, however, 
have been carefully collected and their exact positions plotted on the map, and it is from 
a microscope examination of these specimens that the various metamorphic zones have 
been drawn (Plate v). 


* An earlier contribution by the writer, dealing with metamorphism and assimilation in the 
Cooma district, was published in the Jowrnal and Proceedings of the Royal Society of N.S.W., 
73, 1939, 86-106. 
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Il. Narure or THE CountrRY—Rocks AND DISTRIBUTION OF THE METAMORPHIC ZONES. 

For the purpose of the present paper the Ordovician rocks have been subdivided into 
the Coolringdon and Binjura Beds. The latter have been invaded first by several small 
ultrabasic and basic masses and then by the Cooma granite-gneiss. On account of the 
strong isoclinal folding, with its prevailing dip to the east, the frequent covering of 
basalt and the lack of exposures, it has not been possible to map any individual bed; 
and this adds to the difficulty of working out structures and thus determining the 
relative stratigraphical positions of the Coolringdon and Binjura Beds. As plutonic 
intrusions more commonly invade anticlinal structures rather than synclinal troughs, 
it is assumed that the Binjura Beds occur in an eroded anticline and that the 
Coolringdon Beds overlie them. The presence of such a folded structure is indicated 
by the occurrence of black slates of Coolringdon-type near Bunyan on the eastern side 
ot the complex. 

Owing to the difficulty of mapping individual beds, it has been found impossible to 
trace any single bed through the several metamorphic zones, and the identity of many 
of the country-rocks has been established mainly by chemical means. The various rock- 
types are listed in Table 1. 

As pointed out by Browne (1914), a complete transition from graptolite-bearing 
Ordovician slate, through phyllites and schists into gneisses may be traced on a west-to- 
east traverse from Bridle Creek across Dairyman’s Plain to Cooma Creek. 

Reference to Plate v will show that it has been possible to map a number of meta- 
morphic zones, but the junction between the Coolringdon and Binjura Beds, to the west 
ot Cooma, is unfortunately almost coincident with the chlorite isograd, and thus no 
member of the Coolringdon Beds occurs within the chlorite-zone, and, with the exception 
ot a few tuffaceous sandstones, no member of the Binjura Beds in a grade lower than 
the chlorite-zone. In the south-western part of the area the Coolringdon Beds have been 
invaded by a Devonian or Carboniferous granite and certain contact effects have been 
produced in the zone of clastic mica. 

From west-to-east the Binjura Beds pass from the chlorite-zone into the biotite-zone, 
and at a distance of about 34 miles from the Cooma gneiss the biotite-schists are contact- 
altered, large crystals of andalusite being developed in rocks of suitable composition. 
This andalusite-zone passes imperceptibly inwards into a zone of sillimanite-bearing 
paragneisses and permeation-gneisses, which are indistinguishable in the field, and for 
the purposes of mapping, have been grouped as the permeation-zone. At a distance of 
13 to 2 miles from the Cooma gneiss the permeation-gneisses are injected by granitic 
- and pegmatitic material and give place to injection-gneisses with typical lit-par-lit 
structure. 

The injection-zone, the permeation-zone and the andalusite-zone are unquestionably 
related to the Cooma gneiss, the first two being granitized zones and the last the thermal 
aureole beyond the outer limit of granitization. The relation of the biotite and chlorite 
zones to the andalusite-zone, and hence to the granite-gneiss, is obscure. There is a 
general parallelism between the chlorite, biotite and andalusite isograds, but owing to 
the cover of Tertiary basalt in the south of the area, these isograds can be traced only 
for a limited distance, and much important evidence relating to the zones is possibly 
lacking. 

The six metamorphic zones of Ordovician age have been plotted on the map 
(Plate v), as well as a contact-zone of much later date. The effect of each of these 
grades of metamorphism on the various types of country-rock is tabulated in Table 1. 


III. UNGRANITIZED COUNTRY-—ROCKS AND THEIR METAMORPHISM. 
1. FIELD RELATIONS. 
On account of the difficulty of following individual beds, detailed mapping of the 
strata has not been attempted and the map (Plate v) is primarily one to show the 
metamorphic zones. It has not even been possible to sketch the exact boundary between 


the Coolringdon and Binjura Beds, but apparently it is almost coincident with the 
chlorite isograd. 
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The siliceous slates of the Coolringdon Beds are intercalated with sandstones of 
varying texture and colour. The slates are usually black and carbonaceous and often 
contain graptolite remains. In the area mapped the contact-aureole of the Berridale 
granite lies wholly within the Coolringdon Beds. 

In the Binjura Beds argillaceous and arenaceous types alternate in bands several 
feet in thickness or in seams only a fraction of an inch wide. The tuffaceous sandstones, 
which are occasionally found just above the chlorite isograd, and therefore high in the 
Binjura Beds, also occur at lower levels interbedded with the alternating argillaceous 
and arenaceous types. Their usual occurrence is lenticular, the lenses being a foot or 
so in thickness and up to 15 feet in length. The contact-aureole of the Cooma gneiss 
is confined to the Binjura Beds which thus form the sedimentary foundation of the 
eranitized zones. 

The general strike of the Ordovician rocks is a little west of north, and to some 
extent this direction is followed by the trend of the metamorphic zones. Thus the 
chlorite isograd appears from beneath basalt on the road about # mile south-west of 
Bobundra Trig. Station and trends north to Ingram’s Creek where it is lost beneath 
basalt for a distance of some 74 miles. In the Parish of Jillamatong it crops out again 
for a short distance, then disappears beneath basalt for a further 83 miles, and reappears 
to the east of, and almost parallel to, the Murrumbidgee River in the Parish of 
Murrumbucka. It has been traced north to the mouth of Bulga Creek—a total distance 
of 25 miles. Where it can be measured, the chlorite-zone appears to be about § mile 
in width. 

As it disappears beneath basalt in the southern part of the area, the biotite isograd 
can be traced only for a distance of 14 miles, but over this distance the outcrop is fairly 
continuous, and it is approximately parallel to the chlorite isograd. The width of the 
biotite-zone cannot be satisfactorily measured since it is transgressed on its eastern 
side by the andalusite-zone, which is part of the contact-zone of the Cooma gneiss at a 
distance of about 334 miles from the granite-gneiss. . 

Reference to the map (Plate v) will show that the andalusite-zone and the 
granitized zones immediately adjacent to the gneiss occasionally crop out as small inliers 
in the basalt area in the Parish of The Brothers, thus indicating a south-east trend for 
the gneiss and its contiguous zones. The limited exposure of the chlorite isograd in the 
Parish of Jillamatong shows much the same trend, and there seems to be some 
parallelism between the chlorite and biotite isograds and the zones which are unquestion- 
ably related to the intrusive Cooma eneiss. 


2. NOMENCLATURE. 


The occurrence at Cooma of highly siliceous rocks, often with a slaty cleavage, has 
led to an inquiry into the nomenclature of such types. In the field these rocks have the 
appearance of clay-slates and were at first mistaken for the low-grade equivalents of the 
aluminous schists found in the higher grades of metamorphism. Chemical analyses have 
been made of members of both rock-series (Tables 2 and 3), and the aluminous types 
obviously fall into the class of the normal pelites (Van Hise, 1904; Tilley, 1926a@). The 
term pelite is derived from the Greek z7j\os variously translated as mud, clay or ooze, and 
whilst these imply a textural limitation, clay alone suggests a chemical one. 

In the current literature the term pelite is used very loosely, and there appears to be 
a tacit understanding that all pelites are clay-rocks with a characteristically high 
percentage of alumina—rocks that, in the higher grades of metamorphism, develop such 
minerals as almandine, cyanite and sillimanite. The normal pelite certainly has this 
composition, for it is probable that most normal mud-deposits contain an abundance of 
clay, which is characterized chemically by the presence of hydrous aluminium silicates 
(Holmes, 1920, p. 61). Other mud-deposits, however, may consist of finely-divided 
siliceous material or of volcanic dust, and the composition of the resultant pelite must 
vary accordingly (Hutchings, 1892; Holmes, 1920, p. 178). 

To test the validity of these statements, a series of about two hundred chemical 
analyses of shales and clay-slates was examined (Clarke, 1926; Barth, 1936; Geological 
Survey Publications of Great Britain, U.S.A., Victoria and N.S.W.). It was found that 


160 PETROLOGICAL STUDIES IN THE ORDOVICIAN OF N.S.W., 


the percentage of silica in these analyses varied from 45-85. The majority of the rocks 
fell in between 55% and 68% of silica, which is the range of the normal pelites, but 
those outside these limits appear to have been named according to their grainsize and 
general appearance in the field, without reference to their chemical composition. 

Van Hise (1904) distinguishes three types of psammite (sand-rock); a division 
based on the nature of the constituent fragments and therefore indirectly on the chemical 
composition. He regards the pelites (mud-rocks), however, as a single group—the muds, 
and chemical differences are not recognized. In defining the various types of fragmental 
rock, Van Hise applies the term either to the sedimentary type or to its metamorphic 
equivalent. Tyrrell (1921), on the other hand, would apply the terms pelite and 
psammite only to metamorphic rocks. 

In tracing a rock-type through several stages of metamorphism, it is convenient to 
use a term that can be applied either to the original sedimentary rock o1 to any of its 
metamorphic equivalents. The terms arenaceous and argillaceous are commonly used 
only for sedimentary rocks, and as no completely unaltered sedimentary types occur at 
Cooma, it is preferable to use the terms psammite and pelite in the wide sense of Van 
Hise to mean sand-rocks and mud-rocks respectively, whatever their metamorphic grade. 

In view of the outstanding chemical differences among the pelites, it is desirable 
that some adjective indicating the chemical peculiarity of the original mud should be 
employed, and for the purpose of the present paper it is proposed to use the terms 
siliceous pelite and aluminous pelite, the latter being what is sometimes called the 
normal pelite (Tilley, 1926a) or more commonly merely pelite (Tilley, 1926); Harker, 
1932; Read, 1925, 1930, 1940; Barth, 1937). 

The term psammopelite is applied here to a group of rocks which consisted originally 
of sand and mud either in a homogeneous mixture or in alternating layers. Although a 
definite chemical composition is implied by Tilley (1925) in describing the North-East 
Highland psammopelites, the term is used in the present paper only in a textural sense, 
the Cooma psammopelites differing widely in chemical composition according to the 
variety and proportion of admixed psammite and pelite. 


3. COOLRINGDON BEDS. 
(1) Zone of Clastic Mica. 
(i) Psammvites. 

In the handspecimen these rocks vary a good deal in texture and colour, ranging 
trom fine-grained quartzites to medium-grained sandstones which may be red, white, buff, 
grey or black. They are sometimes banded with finer seams of siliceous pelite, and could 
in this case be called banded psammopelites. Negative crystals of pyrites sometimes show 
on weathered surfaces. 

Under the microscope these rocks have a clastic structure (Fig. 1A) with rounded 
or sub-angular grains of quartz and usually some felspar. Clastic mica may occur in 
single small greenish-brown flakes or in groups of small flakes. Grains of iron ore and 
detrital tourmaline also occur. The matrix is usually micaceous and may be strongly 
coloured by oxides of iron or by carbonaceous material. The felspar, though sometimes 
sericitized, is usually fresh oligioclase-andesine (Ab,An.,,—Ab,,An;.). The larger quartz 
grains often show cataclastic structure. Undulose extinction and granulation are 
common and sometimes a border of secondary quartz is developed. In a few of the 
more altered types the clastic quartz grains are slightly elongated and lines of secondary 
fluid-pores are at right angles to this elongation. 


(ii) Siliceous Pelites. 

These rocks are very abundant in the Coolringdon Beds, where they are intercalated 
with the psammitic types. In the handspecimen they are buff, grey or black finely- 
laminated rocks without sheen. A cleavage is sometimes developed, and the uncleaved 
more massive rocks have a slightly conchoidal fracture. On Ingram’s, Cottage and 
Wambrook Creeks and at McCarthy’s Crossing on Bridle Creek these rocks contain 
graptolites, and graptolites together with crystals of chiastolite are found in a contact- 
altered type near Berridale. 
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A. Low-grade psammite in Coolringdon Beds on Berridale Road, near Slack’s Creek. The 
rock shows rounded and subangular grains of quartz in an argillaceous and ferruginous matrix. 


Note small patches of clastic mica. x 12. 

B. Siliceous slate with carbonaceous bands from Wambrook Creek at crossing of Adaminaby 
Road. Note tiny clastic grains of quartz and iron ore. x 12. 

Cc. Chiastolite-slate, Gygederick Hill near Berridale. Former slight schistosity indicated by 
orientation of incipient cordierite crystals. The groundmass consists mainly of finely-divided 
carbonaceous material and quartz. x 12. 


TABLE 2. 
I INT 10 VE 

SiO, 85-96 80°37 78°45 79-25 
Al.O3 8:49 10-04 12-92 11°86 
Fe.0; 0-33 0-35 1-48 0-86 
FeO 0-19 1:44 0-95 0-81 
MgO ‘ 0-65 0-57 0:36 1:28 
CaO 0-10 0°37 0-19 0-17 
Na.,O 0-48 0-93 0-25 1:08 
K,0 1-91 2-09 2-39 2:33 
H,O+ TB 2°44 232 1-30 
H,0 — 0-07 0-17 0-25 0-19 
TiO, 0-49 0-52 0-42 0-42 
P.O; 0-07 0-19 0-06 abs. 
MnO .. bs tr. tr. 0-01 0-01 
Cc a a 0-04 LL? p.n.d. — 

100-15 100-65 100-03 99-56 
Sp. Gr. we 2-68 2-68 PARAL 2-67 


I. Grey graptolite-bearing slate. Near mouth of Ingram’s Creek. Anal. G. A. Joplin. 
Il. Chiastolite-slate with graptolite remains. Gygederick Hill, near Berridale. Anal. 
G. A. Joplin. 
Ill. Dark grey slate (slightly micaceous). Wambrook Creek at crossing of Adaminaby 
Road. Anal. G. A. Joplin. 
IV. Quartz-chlorite-mica-schist. East of McCarthy’s Crossing, Por. 144, Par. of Cool- 
tingdon. Anal. G. A. Joplin. 


Under the microscope the siliceous pelites are extremely fine grained and usually 
show banding. The recognizable constituents are tiny grains of quartz, occasional 
zircons and in some varieties numerous minute flakes of sericite. These occur in an 
almost isotropic faintly-greenish base which is possibly massive chalcedony or very 
finely-divided quartz. Rutile needles often occur in this isotropic material and haematite 
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is sometimes present. The darker rocks contain finely-divided carbonaceous material 
often arranged in bands (Fig. 1B). Types from Wambrook Creek, the Berridale Road 
near Slack’s Creek and near the mouth of Bulga Creek show a slight schistosity owing 
to the development of sericite. The schistosity may cross the bedding, which is indicated 
by the presence of more sandy bands. Some types show a little incipient biotite, no doubt 
due to slight contact alteration by the Berridale granite. Sometimes small cavities 
indicate negative crystals of pyrites. 

Secondary silicification is a common feature of these rocks, which often contain 
small quartz veins or minute patches of fibrous chalcedony. In selecting material for 
analysis care was taken to avoid types showing this feature, although it seems likely 
that the secondary silica occurring in microscopic veins and patches represents only 
an internal rearrangement in the original rock. 

Three siliceous pelites have been analysed. Analysis I (Table 2) represents a 
graptolite-bearing greyish-white slate from which most of the carbon has been removed. 
The removal of carbon and the leaching of the more soluble constituents of the rock 
concentrate the less soluble, so this may account for the higher silica and magnesia in 
this analysis. Analysis IV represents a psammite from the Binjura Beds in the lower 
part of the chlorite-zone which, except for its slightly higher magnesia, compares 
closely in composition with the siliceous pelites. 


(2) The Contact-Aureole of the Berridale Granite. 

In the area investigated, this aureole is wholly within the Coolringdon Beds, and 
as this unit consists almost exclusively of siliceous types there is little variety among 
the contact-rocks. Moreover, in most cases the contact-effects are not well marked, 
due no doubt to the fact that the rocks were already stable under low-grade regional 
conditions. Furthermore, there is some evidence to show that the Berridale granite 
was injected under comparatively low temperature conditions. In the case of rocks 
that were schistose prior to this metamorphism, the earlier structure is preserved. 

When argillaceous material was present in the low-grade schist the superimposed 
contact metamorphism has produced incipient biotite and occasionally cordierite. On 
the Middlingbank Road, near Coolringdon, and on Gygederick Hill, near Berridale, 
chiastolite is developed in the carbonaceous siliceous slates (Table 2, Anal. II, and 
Fig. 1C). This rock, except for its slight schistosity, is almost identical with one 
described as an andalusite-cordierite-hornfels (Class I) by Goldschmidt (1911, Pl. i, 
fig. 1). Nevertheless, only the quartzites, which represent the rather abundant — 
psammitic type, have a true hornfels structure and show no trace of schistosity. 


4. BINJURA BEDS. 
A. ROCKS OF SEDIMENTARY ORIGIN. 


(1) Chlorite and Biotite Zones. 
(i) Aluminous Pelites. 

In the chlorite-zone these rocks are represented by dark grey or greenish-grey 
phyllites often showing corrugation or false cleavage. 

Under the microscope directional structures are well marked and schistosity and 
foliation may be developed (Fig. 2, IA). The chlorite usually occurs in large plates 
parallel to the schistosity, but in a specimen from Por. 132, Parish of Coolringdon, 
which is high up in the chlorite-zone, the chlorite appears to be developed in an 
aggregate of minute flakes. Its colour varies from almost colourless to deep greenish- 
brown and is very patchy in its distribution. The mineral is negative with a 
birefringence varying from nothing to 0-003, a’ = 1-575, thus the variety is pennine 
(Winchell, 1927). The chlorite plates or aggregates contain folia or tiny scattered 
seales of sericite, small octahedral inclusions of magnetite and a dusting of fine 
carbonaceous material. Detrital zircons are sometimes fairly abundant as inclusions, 
and patches of incipient green mica may occur. 

Although the banded psammopelitic types are dealt with in a separate section, few 
of the pelites are entirely free from psammitic seams, which contain a little green mica 
in addition to the chlorite. 
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On the eastern margin of the chlorite-zone, adjacent to the biotite-zone, the foliation 
is more marked, false cleavage is more pronounced and the grainsize is coarser. In 
this sub-zone chlorite is being replaced by green mica, and in sections perpendicular to 


Fig. 2. 
Vertical arrangement is iso-chemical and horizontal iso-gradal. (All x 12.) 


I. Aluminous Pelites. 

A. Chlorite-sericite-phyllite showing large plates of pale green chlorite, orientated flakes 
of sericite and a little quartz and iron ore. (Chlorite-zone.) 

B. Chlorite-mica-schist showing development of green mica in deep green chlorite. <A 
psammitic seam consists of green mica and quartz. (Base of chlorite-zone.) 

C. Plicated mica-schist. The false cleavage is interrupted by a psammitic band. The rock 
consists mainly of quartz and mica and a little chlorite. (Biotite-zone.) 

D. Andalusite-bearing mica-schist. The earlier schistosity is preserved in this contact 
type, which consists of andalusite and incipient crystals of chlorite associated with chlorite and 
reddish-brown biotite. The psammitic seam consists mainly of quartz and biotite. (Andalusite- 
zone.) 
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the schistosity wisps and bunches of white and green mica are developing along the 
axes of miniature folds (Fig. 2, IB). In sections parallel to the schistosity, chlorite and 
mica are intergrown in such a way that the chlorite appears to have a skeleton structure. 
In the associated psammitic bands xenoblasts of quartz, chlorite, green mica and a little 
brown mica are intergrown, and magnetite may be fairly abundant. 

In the biotite-zone these rocks appear in the field as mica-schists with well-marked 
schistosity and often with a fine plication. Under the microscope they are seen to 
contain biotite, green mica, quartz and chlorite. Accessory minerals are magnetite, 
zircon, graphite and rutile. 

Most types are slightly banded, and the development of biotite has advanced further 
in the more sandy seams. The pelitic seams usually consist of a dense mass of chlorite 
and green mica in which are embedded orientated flakes of biotite, especially well 
developed on the margin of the seam. A little quartz occurs in the pelitic bands, and 
this is the main constituent of the psammitic seams. In the plicated types chlorite 
(var. pennine) usually occurs in the troughs or crests of the miniature folds which are 
interrupted by the psammitic seams (Fig. 2, IC). Flakes of mica adjacent to quartz 
show a slight zoning with brown biotite core and greenish margin. In a few types 
quartz xenoblasts are somewhat elongated, and a large proportion obeys the Trener 
Rule with their optic axes perpendicular to the schistosity. 


TABLE 3. 

A. I Il. Til IV B 
SiO, 52-91 57:07 54-18 58°87 56-40 56-52 
Al,O3 24-49 20-95 25°48 21-25 23-25 23-13 
Fe,03 5:45 4:27 2-99 2-47 1-30 1-96 
FeO 1-50 2-42 3:08 4°05 5122 5-09 
MgO 1-80 3°08 Sel3, 2-98 3°24 2-82 
CaO 0-29 0-14 0:41 0-12 0-63 0-39 
Na,O 1-08 0-42 0:73 0-60 0-61 0-24 
K,O 6-60 4-50 5-70 Dino 5:65 6-14 
H,O+ 3°81 asoi7/al 2-88 2°59 2-77 Door 
H,O — 0-61 1-03 0-48 0-22 0-30 0-20 
TiO, 0-83 0-82 0-73 0-84 0:57 eae; 
P.O; 0-10 0-06 0:07 0:05 0-06 0-22 
MnO 0-06 0-05 0-03 0-02 0-01 0-06 
C 0-19 1,583 0-34 0-16 0-51 — 
CO; .. a 0:74 — — —_ — 
IBaOr 0-06 n.d n.d n.d. n.d 0-11 

99-78 100-59 100-23 99-95 100-52 100-32 
Sp. Gr. Ae i — 2-76 2-80 2°78 2-85 — 


I. Chlorite-sericite-phyllite. West of Slack’s Ck., Por. 154, Par. of Coolringdon. Anal. G. A. Joplin. 

II. Chlorite-sericite-phyllite. About 4 mile east of McCarthy’s Crossing, Por. 144, Par. of Coolringdon. Anal. 
G. A. Joplin. 

III. Plicated mica-schist. Slack’s Ck. at crossing of Dry Plain Rd. Anal. G. A. Joplin. 

IV. Knotted andalusite-schist. Slack’s Creek, Por. 137, Par. of Binjura. Anal. G. A. Joplin. 

A. Slate. Eastern slope of Mt. Wagra, near Tallangatta, Victoria. C. M. Tattam. Geol. Surv. Vict., Bull. 52, 
1929, p. 35. 

B. Andalusite hornfels. Noorongong. Ibid. 


Explanation of Fig. 2 (continued). 
Il. Psammites. 


A. Quartz-chlorite-sericite-schist showing clastic grains of quartz and felspar in a slightly 
recrystallized matrix of chlorite, sericite and haematite. (Chlorite-zone.) 

B. Quartz-chlorite-mica-schist. Clastic structure only just discernible. The rock consists 
mainly of quartz, felspar, green mica and chlorite. Compare psammitic seams in IB. (Base of 
chlorite-zone. ) 

C. Quartz-biotite-schist. Schistosity marked by elongated grains of quartz and felspar and 
parallel flakes of biotite. Compare seam in IC. (Biotite-zone.) 

D. Contact-altered quartz-biotite-schist preserving earlier schistosity. A little andalusite 
is shown near the bottom of the figure. (Andalusite-zone.) 
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Analyses of four aluminous pelites, one of them a contact type from the andalusite- 
zone, to be described later (see p. 169.), are compared with two similar Ordovician 
rocks (Tattam, 1929) from Victoria in Table 3. Analysis I represents a rock high in the 
chlorite-zone and II is a little lower in the same zone. Analysis III (Fig. 2, IC) is of a 
biotite-schist containing a slightly greater percentage of quartz. Although there is some 
variation in these analyses, it is of an order which can be expected in sediments, and 
they obviously belong to an iso-chemical rock-series. A slightly different type, found in 
the andalusite-zone, appears to be very closely related (see Analysis, p. 169). 


(ii) Psamioites. 

(a) With an Argillaceous Matrix.—Handspecimens of these rocks from the chlorite- 
zone show little evidence of alteration. They occur as light coloured buff, grey or 
white sandstones or quartzites usually interbedded with the phyllites. 

Under the microscope a clastic structure is still apparent, but quartz and felspar 
grains are often slightly elongated and the matrix has recrystallized into a fine mosaic 
of quartz and felspar with minute flakes of chlorite and sericite. A little green mica 
is often present, but, as in the case of the pelites, this is more abundant as the biotite 
isograd is approached. Sometimes. trails of parallel fibres of chlorite and mica are 
developed in the matrix at the extremity of the clastic grain and this has produced a 
slight schistosity. Andesine (Ab,,;An;;), orthoclase and microcline have been recognized 
as detrital grains in addition to the very abundant quartz, and rutile and tourmaline are 
not infrequently present. Detrital grains of quartz may show undulose extinction, webs 
of minute rutile needles or trails of fluid pores at right angles to the incipient 
schistosity. The ferruginous types contain flakes of haematite in the matrix and the 
mica and chlorite are stained by iron oxides. In the more micaceous types a false 
cleavage may be developed. 

As the biotite-zone is approached these rocks occur as sandy schists with a definite 
sheen and sometimes with a slight corrugation. 

Under the microscope foliation and schistosity are marked by somewhat elliptical 
patches of granular quartz and by the parallel orientation of chlorite, white mica and 
green mica, which is developed a little earlier in these rocks than in the intercalated 
pelites (Fig. 2, IIB). 

In the biotite-zone the original clastic structure is rarely preserved, though there 
are occasional examples of large elongated units of quartz surrounded by a fine mosaic 
of quartz and biotite. These areas appear to be recrystallized detrital grains rather than 
folia. A rock from Pors. 6/53, Parish of Jillamatong, is low in the biotite-zone and 
shows a definite clastic structure (see Harker, 1932, p. 230). 

These rocks are now quartz-mieca-schists, and a well-marked schistosity is shown 
by the elongated areas of quartz and felspar and by the parallelism of mica flakes 
(Fig. 2, IIC). In most cases elliptical areas of quartz consisting either of a single 
grain or of a group of small xenoblasts are outlined by flakes of mica, giving the rock 
a slightly lepidoblastic structure. Andesine is a constant constituent of these schists 
and a little green mica and pennine are usually present. Accessory minerals are 
magnetite, tourmaline, sphene and zircon. In one type muscovite is abundant. 

Only one rock of this type has been analysed and its composition is closely compar- 
able to that of the siliceous pelites (Table 2, Anal. IV). It occurs just within the 
biotite-zone, but shows some of the characteristics of rocks found near the base of the 
chlorite-zone. 

(b) With a Tuffaceous Matrix—On the Berridale Road about 4 mile east of Slack’s 
Creek greenish-grey tuffaceous sandstones are interbedded with a siliceous pelite. The 
outcrop occurs in the road-cutting, but cannot be traced for very far owing to overlying 
basalt. The pelite appears to be in the zone of clastic mica, but the partial recrystalliza- 
tion of the psammite suggests that it is near the chlorite isograd. The pelite is similar 
to those of the Coolringdon Beds whilst rather similar psammites are found in the 
higher grades of metamorphism to the east. It is assumed, therefore, that these rocks 
are at the top of the Binjura Beds and just within the zone of clastic mica. 

Under the microscope a blastopsammitic structure is apparent (Fig. 3A). The rock 
consists of rounded and sub-angular fragments of quartz, felspar, hornblende and a fine- 
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grained rock which might be felsite or quartzite. The matrix is a fine mosaic of quartz, 
felspar, amphibole, sphene and iron ore. Clastic grains of somewhat fibrous hornblende 
are terminated by tiny rods of recrystallized amphibole, which appear to be actinolite. 
A similar enlargement of clastic amphiboles by fine actinolite outgrowths has been 
recorded in low-grade green-schists by Tilley (1938) and by Hutton (1940). The clastic 
hornblende is negative with positive elongation, Z /\ c = 18°, X = pale yellowish-green, 
Y = pale olive-green, Z = bluish-green. The recrystallized actinolitic type also occurs in 
aggregates of small rods in the matrix. Andesine (Ab,.An,,) occurs as small clastic grains 
and is also present in the recrystallized matrix. A little sericite occurs in the matrix and 
the parallel orientation of these flakes together with a slight elongation of quartz grains 
and the parallelism of amphibole rods has produced a slight schistosity, which, however, 
is not discernible in the handspecimen. 


IE Be 2 

A. Tuffaceous psammite with clastic structure. Detrital grains of quartz, hornblende and 
felspar in a matrix of hornblende, felspar, quartz and iron ore. Berridale Road near Slack’s 
@reeke “y<) 1/27 

B. Clinozoisite-quartz-granulite. <A little plagioclase and sphene are also present. Por. 109, 
Par. of Coolringdon! «x 12. " 

Cc. Amphibole-garnet-granulite. The groundmass consists of a mosaic of quartz and plagio- 
clase. Slack’s Creek, Por. 154, Par. of Coolringdon. x 12. 

D. Pyroxene-granulite. The light coloured minerals are plagioclase and quartz. Slack’s 
Creeks Por sia Pars.otmls ity lice se uelooe 


Associated with this tuffaceous psammite is a finer-grained type containing a greater 
proportion of tuffaceous matrix and less clastic quartz and felspar. 

Low in the chlorite-zone near the biotite isograd, and probably within the green 
mica sub-zone, a single specimen of light grey granulite has been collected. This occurs 
west of Slack’s Creek in Por. 109, Par. of Coolringdon. Under the microscope, 
schistosity is well marked by the elongation of quartz and felspar grains and by bead- 
like strings of clinozoisite granules (Fig. 3B). Remnants of clastic amphibole are 
surrounded by epidote and clinozoisite, and their cores often appear clouded by the. 
development of minute granules of sphene and iron ore. A little new amphibole may 
be intergrown with epidote and clinozoisite, and there is a little labradorite (Ab,,An,,) 
intergrown with the quartz and sometimes surrounding the clinozoisite. This possibly 
foreshadows the development of plagioclase within the biotite-zone. ; 

In the biotite-zone these rocks occur as lenses of grey granulite. They show a well- 
marked schistosity and consist of quartz, labradorite, amphibole, sphene, iron ore, a 
little apatite and sometimes pale pink garnet. 
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The amphibole occurs in sheaves, in elongated feathers or in radiating bunches 
usually arranged in parallel bands (Fig..3C). These are interleaved with a fine mosaic 
of quartz and felspar (Ab,,An,)), and the labradorite sometimes occurs in small poikilo- 
blasts enclosing granules of quartz. Sphene may be fairly abundant and when it occurs 
as inclusions in the amphibole, it is surrounded by a small greenish-brown halo. 

In the garnetiferous types this mineral occurs as small subidioblastic crystals or in 
groups of granules showing ill-defined crystal outlines. The core of the crystal is dark 
and cloudy and the clear outer rim is colourless in thin section. It seems likely that 
these garnets are manganiferous (Tilley, 19260), as suggested by Analysis II, though 
it is possible that they may be rich in lime—either chemical characteristic might account 
for their premature development here. The constitution of this garnet and of the 
amphiboles in this group of rocks is worthy of further investigation. 

There is a good deal of variation in the relative proportions of clastic grains to 
matrix in these rocks, thus it is to be expected that there will be marked variations in 
the chemical composition. Furthermore, if the matrix be tuffaceous, this may vary in 
constitution as well as in amount. Only two of these rocks have been analysed, and a 
casual comparison would seem to indicate no relationship between them. They are 
definitely siliceous types, and it will be seen that they compare with the psammite 
(Table 2, Anal. IV) and the more siliceous psammopelites (Table 5, Anals. III and IV) 
with regard to their silica and alumina. The total iron and magnesia compares with 
the siliceous pSammopelites, but there is a marked difference in the lime and potash. 
Potash is distinctly lower in these rocks, and though the two analyses vary in the 
amount of lime, this oxide is much higher in both than in any other sedimentary rock 
analysed from this district. The clinozoisite type from the base of the chlorite-zone, like 
certain contact-altered pyroxene-bearing types to be described later, possibly contains a 
still greater amount of lime, and the development of garnet may be correlated with this 
chemical peculiarity. 


TABLE 4. 

ile Tis 
SiO, 76-90 71-26 
Al,O; 8-87 12°42 
Fe,0, ES 5) 0-68 
FeO 2-98 4°47 
MgO 2°72, 2-13 
CaO 2-75 7-73 
Na,O 2-41 0-31 
K,O 0-19 0-01 
H,O + 0-94 0-19 
H,O — 0-40 0-02 
TiO, 0-30 0-47 

P.0; 0-06 abs 
MnO 0-02 0-55 
co, abs. 0-13 

C tr. abs 
100°39 100-37 
Sp. Gr. ae a 2-68 2-79 


I. Tuffaceous psammite. Berridale Road, about } mile 
east of Slack’s Creek. Anal. G. A. Joplin. 

II. Amphibole-bearing granulite. Slack’s Creek, Por. 137, 
Par. of Coolringdon. Anal. G. A. Joplin. 


(iii) Psammopelites. 

As indicated above, the term psammopelite is used here only in a textural sense to 
mean rocks that consist of a mixture of coarse and fine material. The psammite and 
pelite may form an intimate mixture and give rise to homogeneous psammopelites or they 
may be arranged in alternating layers to form banded rocks. 

These rocks need only brief description, for although by far the commonest types at 
Cooma, they are very similar to types that have already been described. Thus the 
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unbanded homogeneous rocks, except for their greater proportion of fine pelitic matrix, 
are similar to the psammites with an argillaceous matrix (see p. 165) and the banded 
rocks, except for their characteristic alternating psammitic and pelitic layers, show no 
feature that distinguishes them from the two types already described. It will be 
remembered (see p. 162) that the pelites are rarely completely free from some 
psammitic seams and with an increase of these the rocks pass into the banded 
psammopelites. 

Although banded types occur throughout the Binjura Beds, they are more noticeable 
in the higher grades of metamorphism, where the banding is often cross-cut by the 
schistosity. It will be shown that the pelites soon lose their identity on entering the 
granitized zone, but the banded psammopelites preserve theirs for a considerable distance 
and form the prominent type referred to below as the Corduroy Granulite. Two rocks 
of this type have been analysed and as they appear to have suffered little or no 
granitization, they are included in this section of the paper with analyses of other 
banded rocks. Although the contact-altered rocks are dealt with below, it might be 
mentioned here that a rock consisting of aluminous pelite and tuffaceous psammite 
(Table 5, Anal. I) occurs in the contact-zone and its analysis compares with a rock 
from Victoria (Tattam, 1929). 


TABLE 5. 

I A Il Til. B IV 
SiO. 66 26 66-80 66-08 68-06 72:50 73°64 
Al,O, 17°38 15-80 16-29 16-32 13-72 13-89 
Fe.0, 0-24 1:62 2-22 0-99 56 0-70 
FeO 3-01 3°63 3-62 4-15 49 4-04 
MgO 2-63 2:25 2-87 2-2) 2-24 1:98 
CaO 1:02 0:47 1:17 1:09 0-63 0:28 
Na.O 2-63 1-00 1-32 1:29 0-98 1-12 
K.0 4-26 5:02 3°51 3°59 3°49 2-88 
H,O+ 1:65 2-10 Ce 0:93 1-26 0-42 
H,0— 0-15 0-34 Wighnsah es 0-11 0-20 0:07 
TiO, 0-42 0-69 0-62 0:68 1-19 0°63 
P.O; 0-23 0-66 0-05 0-19 0:08 n.d 
MnO 0-04 0-08 0-02 0-04 0-04 0:06 
BAO n.d. 0-10 _— n.d 0-04 n.d 
Ss = 0-04 = = = = 
99-92 100-60 99-99 99-60 100-42 99-71 
Sp. Gr. We a Qld — —_— 2-76 —_— 2-78 


I. Banded schist with alternating andalusite-bearing and amphibole-bearing seams. Contact-aureole of Cooma 
gneiss, 20 chains west of north-east corner of Por. 137, Par. of Binjura. Anal. G. A. Joplin. 
Il. Theoretical rock consisting of 40% of tuffaceous psammite (Table 4, Anal. I) and 60% of pelite (Table 3, Anal. ITI). 
Ill. Corduroy granulite. Spring Creek, Por. 212, Par. of Binjura. Anal. G. A. Joplin. 
IV. Corduroy granulite. Spring Creek, Por. 212, Par. of Binjura. Anal. G. A. Joplin. 
A.  Felspathic pinite gneiss. Ensay. C. M. Tattam. Geol. Surv. Vict., Bull. 52, 1929, 38. 
B.  Cordierite hornfels. Indigo Creek. Ibid., p. 36. 


Obviously there is much variation in the chemical composition of these rocks, and 
a long series of analyses would serve no useful purpose, but the three that have been 
made indicate types intermediate between pelite and psammite, and the calculated 
analysis adds further emphasis to this fact. It will be noted that the analysed rocks 
are contact-altered types, but it is believed that they are similar to the banded 
psammopelites in the chlorite and biotite zones, where banding is less distinct. 


(2) The Andalusite-Zone. 

The andalusite-zone surrounds the granitized zones at a distance of about 34 miles 
from the apparent margin of the gneiss. Its trend to the north suggests that the 
Ordovician intrusion had a northerly extension, now engulfed by the Silurian gneiss. 
This zone is part of the thermal aureole of the granite-gneiss, beyond the outer limit of 
granitization. 
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In the foregoing section on the chlorite and biotite zones, metamorphic changes have 
been traced in aluminous pelites, in psammites with an argiliaceous and with a 
tuffaceous matrix, and in psammopelites including both homogeneous and banded types. 
In this section the contact alteration of each of these types will be considered. 

The contact-aureole appears to have been superimposed upon the schists of the 
biotite-zone, and the earlier schistosity is usually well preserved. No true hornfelses 
occur, but the psammitic types form siliceous granulites sometimes with a hornfelsic 
aspect. 

The outer margin of the andalusite-zone is well marked in the aluminous pelites by 
the development of knotted andalusite-schists, but the inner margin gradually merges 
into the permeation-zone and mapping is very difficult. Here the knotted silvery schists 
gradually give place to a more granular spotted rock, though the interbedded sandy and 
banded types may still be recognized. In mapping the inner margin of the andalusite- 
zone the appearance of the granular rock was taken to mark the outer edge of the 
permeation-zone, and though these rocks pass imperceptibly into the paragneisses (see 
p. 174), microscopic examination reveals that many of them are contact-altered schists 
with none of the characters of the paragneiss. 

Like the aluminous pelites in the lower grades of metamorphism, these rocks are 
never completely free from sandy bands (Fig. 2, ID). Red-brown mica is developed 
in both pelitic and psammitic layers and in the former it occurs as elongated flakes 
with muscovite and gives the rock a well-marked lepidoblastic structure. In the 
psammitic seams it forms small xenoblasts intergrown with quartz. The micaceous 
seams, often much discoloured by carbonaceous material, are sometimes bent round 
large crystals of andalusite. Large flakes or aggregates of chlorite are also associated 
with these seams, and incipient crystals of cordierite may develop in the chlorite-mica 
aggregates (Fig. 2, 1D). Both andalusite and cordierite contain carbonaceous inclusions. 
The analysis of a rock of this type is compared with other aluminous pelites in Table 3 
and its similarity to a contact-altered schist from Victoria is noteworthy. 

Further east, just within the margin of the permeation-zone, the contact-altered 
aluminous pelites show well-developed subidioblastic crystals of andalusite, usually 
crowded with quartz inclusions, in a lepidoblastic groundmass of brown and white 
mica and some xenoblastic quartz (Figs. 7A and 7B). Some of these rocks contain a 
greater abundance of white mica, and though structurally similar to the normal 
aluminous pelites in this zone, they differ chemically in containing less potash and more 
alumina. Lime is also higher in the only analysed rock of this type, and it is possible 
that, like the associated psammites, the sediment contained a little kaolinized felspathic 
tuff. An analysis of this type is: 
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Anal.: G. A. Joplin. 


Most types containing a great abundance of mica are poor in, or free from, andalusite 
and cordierite. A schist from the railway loop immediately north-east of Cooma contains 
an unusual amount of muscovite, and it is possible that free alumina has been combined 
with potash from either the Ordovician or the Silurian magma. 
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In a silvery schist from Por. 76, Parish of Binjura, sillimanite is developed in the 
white mica and andalusite is absent. In this rock, as well as in many others, idiomorphic 
crystals of tourmaline are probably introduced by the granite-gneiss magma. 

The psammitic and psammopelitic rocks within the andalusite-zone show some 
structural evidence of contact-metamorphism. Sometimes hornfels structure is produced 
in the more sandy types and minute sedimentary bands are generally well preserved. 
The mineralogical changes in the pelitic material of these rocks is identical with those 
in the pelites themselves (Fig. 2, IID). 

In a banded rock consisting originally of pelite and tuffaceous sandstone, the 
resulting contact-rock shows sharply-defined seams of andalusite-bearing pelite and 
amphibole-plagioclase-granulite. 

With regard to the tuffaceous sandstones themselves, amphibole-plagioclase and 
amphibole-plagioclase-garnet assemblages are stable both in the biotite-zone and in the 
andalusite-zone, but within the latter a pyroxene-granulite also occurs (Fig. 3D) and, as 
mentioned above (p. 167), this may be due to a higher lime content in the original 
tuffaceous matrix. 


(3) Progressive Metamorphism in the Binjura Beds. 

The aluminous pelites behave quite normally in the chlorite and biotite zones 
(Barrow, 1912; Tilley, 1925; Harker, 1932), but further east the biotite-schists are 
contact-altered by the Cooma gneiss and finally pass, without apparent break, into 
granitized zones in which, as shown below (p. 177), the sillimanite-zone is incorporated. 
There is, therefore, a hiatus or metamorphic unconformity between the biotite-zone and 
the zones adjacent to the gneiss, the garnet and cyanite zones being absent. The possible 
reason for this break is considered below (p. 193). 

In Table 3 four aluminous pelites are compared with two Ordovician rocks from 
North-Eastern Victoria (Tattam, 1929). The six analyses are arranged in such a way 
as to show progressive chemical changes in this rock-series. The high water and ferric 
iron content of the Mt. Wagra slate indicates that it is in a lower grade of metamorphism 
than any aluminous pelite at Cooma, and it is possibly within the zone of clastic mica. 
The andalusite hornfels from Noorongong compares closely with the contact-altered 
andalusite-bearing biotite-schist at Cooma, so these analyses have been placed side by 
side, but in such an order as to keep the four Cooma rocks in a group together. A 
glance at this iso-chemical series shows that ferrous iron increases at the expense of 
ferric as metamorphism progresses. Water shows a general decrease in the same . 
direction, but other variations are due to original differences in the sediments. 

Reference to the petrography will show that the psammites and the psammitic 
bands in the pelites at each stage give evidence of a slight advance of metamorphism 
over the adjacent pelites; thus in the psammite, green mica occurs fairly high in the 
chlorite-zone and biotite comes in towards its base. This is a direct contradiction to 
the observations of Harker (1932, p. 244), who considers that owing to the separation 
of matrix material by clastic grains and the limited diffusion in metamorphism, there is 
a lag in the psammite as compared with the pelite. The quantity of pore-fluid 
(MacGregor and Wilson, 1939) possibly has an important effect in promoting diffusion, 
and if this be abundant, as might be expected in rocks of recent consolidation (Joplin, 
1935), metamorphism might be accelerated by the greater porosity of the psammite. 
On the other hand, Harker (1932, p. 230) has pointed out that a deficient shearing stress 
may be responsible for an early development of biotite, and gives examples of 
blastopsammitie rocks containing this mineral. Again, this response to thermal 
metamorphism may be more readily felt in the porous rock, owing to the presence of 
pore-fiuids. 

Chemical and mineralogical studies of the chlorites and micas in the pelites and of 
amphiboles and garnet in the tuffaceous psammites would be an interesting subject for 
investigation and would probably yield important results. It is regretted that it cannot 
be attempted here. 
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B. ROCKS OF IGNEOUS ORIGIN. 
(1) Mode of Occurrence. 

Hornblende-pyroxene-granulites occur abundantly within the area occupied by the 
Cooma gneiss (see Plate v), but their field occurrence is somewhat obscure. They are 
found occasionally as xenoliths in certain areas of the gneiss, but move often they are 
scattered about on its surface as loose pebbles. The occurrence of these pebbles suggests 
that they are derived from the gneiss. Although sedimentary xenoliths are far more 
abundant than the hornblende-pyroxene-granulites, it seems not unreasonable to assume 
that these micaceous types, like their gneissic host, are more susceptible to weathering, 
and that the very compact, more resistant basic granulites, thus weathering out and 
strewing the granite surface, give a false impression of the relative abundance of these 
xenoliths as compared with those of sedimentary origin. 

Although they occur within the gneiss, the basic granulites are remarkably free 
from granitization—a fact noted by Read (1927a), who says: “Craig Dhu illustrates a 
marked feature of the Cromar Complex, namely, the resistance to injection and 
complexing shown by the rocks of the Greenstone Series as compared with the 
sedimentary country-rocks.” 


(2) Petrography. 

In the handspecimen these rocks are dense dark green or black granulites which 
usually show a well-marked banding and a somewhat imperfect schistosity. The 
pyroxene-rich types are lighter green and the orientation is not so well marked as in 
the case of those richer in hornblende. They are often intersected by small quartz- 
felspar veins that appear to bear no relation to the schistosity. On the borders of these 
veins slightly larger crystals of hornblende have developed. 

Under the microscope several types may be recognized. First there is a banded type 
free, or almost free, from pyroxene. The bands consist of alternating seams of horn- 
blende and plagioclase or more often of a mosaic of these two minerals in different 
proportions (Fig. 4A). Another type is massive and shows an intergrowth of horn- 
-blende and pyroxene associated with plagioclase (Fig. 4B), and finally a banded type 
occurs in which plagioclase-hornblende seams alternate with plagioclase-pyroxene seams 
(Fig. 4C). 
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A. Banded hornblende-plagioclase-granulite. Cooma Creek near gorge. x 12. 

B. Massive hornblende-pyroxene-granulite. Plagioclase, magnetite and sphene are also 
present. Cooma Creek. x 12. 

C. Banded hornblende-pyroxene-granulite. Alternating seams of pyroxene-plagioclase and 
hornblende-plagioclase assemblages. Por. 12, Par. of Cooma. x 12. 


72 PETROLOGICAL STUDIES IN THE ORDOVICIAN OF N.S.W., 


In seams consisting mainly of hornblende, the amphibole is columnar with the 
longer axes parallel to the schistosity, and in those layers where plagioclase is abundant 
it occurs as xenoblasts intergrown with felspar. 

Sphene inclusions are common and these may be surrounded with brown haloes. 

Labradorite varies in composition from Ab,,An,, to Ab,,An;, and often contains small 
blebs of quartz (cf. Read, 1927a@). In some granulites it occurs in poikiloblasts up to 
1 mm., but is more often developed in small xenoblasts intergrown with the ferro- 
magnesian minerals. Twinning is not common, but both albite and pericline types 
may occur. 

In the veins that intersect these rocks the felspar is andesine Ab.,An,. It occurs 
in allotriomorphic grains associated with quartz, apatite and sphene. At the border of 
the vein, large crystals of hornblende occur, and the felspar contains drop-like quartz 
inclusions indicating perhaps that they are xenocrysts derived from the granulite. Like 
the quartz-andesine veins injecting the amphibolites (Joplin, 1939), these veins possibly 
represent a phase of the granite-gneiss. 

In the pyroxene-rich granulites the pyroxene is a diopsidic type occurring in 
subidioblastic columnar crystals and often intergrown with epidote. In some types the 
epidote is very abundant and may be visible in the handspecimen. In types containing 
hornblende, pyroxene may be intergrown with the amphibole or it may form distinct 
seams associated with plagioclase. The pyroxene often shows alteration into carbonates 
along cracks. 

A pinkish type of sphene is well developed and usually idioblastic. Sphene may 
sometimes fringe a nucleus of iron ore (Fig. 4C). Iron ore, probably ilmenite, is not 
abundant, but is usually present in small granules. 


TABLE 6. 
i Il. A B. C D E. F 

SiO, ee 42°66 49-50 48-34 48°51 47°49 47-24 47°28 47°26 
Al,Og .. oe 20-48 16°47 20°10 19°44 21-46 18°55 21-11 22°80 
Fe,03 1-15 0:72 LO, 5-66 1-72 6-02 3°52 2°21 
FeO 10°16 9-10 6-62 4-00 4-80 4-06 3°91 5°41 
MgO 5°64 7:47 5-49 5-12 4°59 5-24 8-06 7°76 
Cane: 16-70 14°79 13°16 12-03 13°24 11-72 13-42 10-93 
NialsO 1 6d 0°57 0-47 1-66 2°53 Zielye 2°42 1-52 1°72 
NGO os 50 0-21 0-32 0:98 0:25 0-42 0-15 0:29 0:29 
H,O+ 0-41 0°57 0-44 0:48 2°54 2:24 0°53 0-90 
H,0 — BG 0-16 0-03 0-02 0-04 0-17 0-21 0-13 O-1l 
Mi Opener a0 1-66 0-75 0-95 1°46 0:93 1:46 0-28 0°38 
P.O; n.d 0:05 0-04 0-16 0°43 0-26 tr. 0-06 
MnO 0-15 0-16 0:32 0-23 0-15 0-31 0-15 0-31 
Etec a 0-21 0-11 0-12 0-24 = 0-10 

99)°95 100-35 100-30 100: 04 100: 23 100-12 100-20 100-24 


I. Hornblende-pyroxene-granulite. South of Amphibolite Quarry, Por. 12, Par. of Cooma. Anal. G. A. Joplin. 
Il. Hornblende-granulite (with trace of pyroxene). Cooma Creek, near entrance to gorge, Por. 135, Par. of Cooma. 
A. Olivine-gabbro. Major Intrusion, Beinn na Duatharach, Mull. Anal. E. G. Radley. Mem. Geol. Surv. Scot., 
1924, 24. 
B. Basalt (porphyritic central type) Tertiary lava. 2 mile north-east of cairn on Cruach Doire nan Guilean, Mull. 
Anal. E. G. Radley. Ibid. 
C. Basalt (porphyritic central type) Tertiary lava. 4 mile slightly east of south of cairn on Cruach Choireadail, 
Mull. Anal. E. G. Radley. Ibid. 
D. Basalt (porphyritic central type) Tertiary lava. 4 mile south-south-west of Derrynaculen, Mull. Anal. E. G. 
Radley. Ibid. 
E.  Olivine-gabbro. Major Intrusion, Coir’a’Mhadaidh, Cullins, Skye. Anal. W. Pollard. Mem. Geol. Surv. U.K., 
1904, 538. 
I. Biotite-eucrite. Ring-dyke Centre 3, Ardnamurchan. Bank of stream 1 mile east 33° south of Achnaha. 
Anal. E. G. Radley. Mem. Geol. Surv. Scot., 1930, 85. 


(3) Nature of the Original Igneous Rock. 
The restricted occurrence of the basic granulites, as well as their close association 
with sedimentary types, suggests that they represent small sills or contemporaneous 
Java flows in the Binjura Beds. 
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Two of the basic granulites have been analysed and it will be seen from Table 6 
that, with their low silica and magnesia and high alumina and lime, they bear a marked 
resemblance to igneous rocks of the Porphyritie Central Magma type (Bailey and Thomas, 
1924). 

To examine this relation further, the Cooma rocks, together with thirteen igneous 
rocks of the Porphyritic Central Magma type, have been plotted on an A-F-C diagram 
(Fig. 5). In using this type of diagram Eskola (1920) was guided by the mode of the 
rock in calculating amounts of magnetite, ilmenite and sphene, etc., but as the original 
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Fig. 5.—A-F-C Diagram showing plots of analyses of Porphyritic Central Magma type. 
1 and 2 (+) = Cooma; 3 and 4 (@) = Skye; 5-9 (@) = Mull; 10-15 (@e) = Ardnamurchan ; 
16 (A) = Tuffaceous psammite, Cooma. 

For comparison analyses of Cooma amphibolites 17-20 (©) are also plotted. 


mineral composition of the Cooma granulites is unknown, and the modes of the igneous 
rocks used for comparison are not available, a slight modification of Eskola’s diagram 
has been used. Thus A = molecular proportion of alumina after satisfying alkalies, 
C = molecular proportion of lime after satisfying P.O; and F = molecular proportion of 
MgO + FeO after satisfying Fe.O, and TiO,. It will be seen that the fifteen analyses 
are crowded together and the dotted line enclosing them has been drawn to suggest the 
field of the igneous rocks of Porphyritic Central Magma type. 

A tuffaceous psammite (Table 4, Anal. II) has also been plotted in this way and 
it will be seen that it falls within the igneous field. The other analysed psammite has 
not been included as it contains a greater admixture of detrital material and lies outside 
the field. 

Thus the granulites bear chemical resemblances to igneous rocks and their field 
occurrence seems to suggest that they have been intercalated with sediments, some of 
which are related tuffs. They therefore possibly represent small sills or flows. 


IV. GRANITIZED COUNTRY-ROCKS. 
1. PERMEATION-ZONE (COUNTRY-ROCK DOMINANT). 
(1) Field Occurrence. 

In dealing with the andalusite-zone it was pointed out that the boundary between 
this and the succeeding permeation-zone was a somewhat arbitrary one, determined in 
the field by the appearance of slightly more granular and less schistose rocks. Further- 
more, it has been shown that contact-rocks, retaining all their normal microscopic 
characters, may be found well within this so-called permeation-zone. 

This zone is essentially one of granitization, but one in which the sediments are 
markedly dominant, and though many of the reactions have been brought about by 
magmatic fluids, few of these active agents have been precipitated and their réle appears 
to have been that of transporter and catalyst. The rocks altered by such fluids might still 


12 


174 PETROLOGICAL STUDIES IN THE ORDOVICIAN OF N.S.W., 


be regarded as paragneisses,* and the zone in which they are developed is essentially 
the sillimanite-zone (Barrow, 18938, 1912). At irregular distances from the inner 
margin of this zone, the paragneisses show definite evidence of granitization and the 
rocks are of the nature of permeation-gneisses. In the field it is impossible to distinguish 
between contact schists and paragneisses on the one hand and between paragneisses and 
permeation-gneisses on the other. As all these changes have been brought about by 
magmatic fluids, it is considered expedient to group these rocks as members of the 
permeation-zone, which is the outermost zone of granitization. 

The permeation-zone varies in width from 1 to 24 miles and is about 13 miles from 
the apparent boundary of the gneiss. This zone is characterized by granulites and 
gneisses with a very distinctive appearance in the field. Browne (1914) noted a gneiss 
which he considered to be a highly contaminated intrusive rock antedating the Cooma 
gneiss. He called this the mottled gneiss on account of its characteristic mottling on 
weathered surfaces. To the associated banded granulite he gave the highly descriptive 
name corduroy granulite, again because of its weathering, which, in this instance, shows 
a ribbed or corded surface. 

The zones of granitization are wholly within the Binjura Beds consisting of 
alternating aluminous pelites, psammites and psammopelites. In the andalusite-zone 
the country-rocks still retain their distinctive schistose characters, and in passing from 
this to the permeation-zone only very slight changes are apparent. The same alternation 
of strata may be observed, and though the rocks are more granular, the types recognized 
in the lower grades of metamorphism may still be discerned. Further into the 
permeation-zone, however, the aluminous pelites lose their distinctive schistose appear- 
ance and gradually pass to spotted granulites and then to mottled gneisses, though the 
interbedded psammopelites still retain their usual characters. Thus the interbedded 
pelites and psammopelites of lower grades are now represented by mottled gneisses and 
corduroy granulites. 

Along Pilot Creek these rock-types may be recognized, but the permeation-zone in 
‘this northern part of the area is not typical. 

Spring Creek, in the Parish of Binjura, might be regarded as a type-section for this 
zone, although the permeation-gneiss derived from the aluminous pelite does not occur 
here. Exposed in this creek is an alternating series of mottled gneisses and corduroy 
granulites, with the gneisses occasionally showing transgressive relations to the 
granulites. Transgressive boundaries are also well shown on the road near Mittagong 
Bridge. The field evidence on the origin of the mottled gneiss thus appears to be ~ 
contradictory, for on the one hand it appears to be a bedded sedimentary rock and on 
the other an intrusive igneous one. On account of the occasional transgressive relation, 
Dr. Browne (1914) was inclined to the view that the gneiss was an intrusive rock 
usually with a concordant habit, but occasionally with a transgressive one. In this 
paper an endeavour will be made to show that the rock is essentially one of sedimentary 
origin. 

Dykes of graphic pegmatite and of tourmaline pegmatite frequently invade rocks 
of the permeation-zone and this zone is further characterized by ptygmatic veins of 
quartz and pegmatite (Fig. 6). Sederholm (1907, p. 101) considers that such veins are 
introduced from the granitizing magma into semi-plastic sediments, thus envisaging a 
partial re-fusion or re-solution of the sediments. Read (19276) has reviewed the various 
theories put forward to explain this type of folding and vein injection, and has himself 
concluded that those of Sutherland are due to injection into massive rocks. Taking 
examples of the Finnish occurrences he quotes Sederholm as saying that the ptygmatic 
veins occur in rocks “apparently more massive than the rest of the schists’. The more 
granular and less schistose character of the Cooma permeation-zone has already been 
mentioned, and although the mottled gneisses are in no way massive, they are certainly 
more massive than the schists outside this zone where ptygmatic veining is almost 
absent. 


* Paragneiss is used here to denote a banded or mottled sedimentary rock of high grade 
metamorphism (sillimanite-zone), that has received no addition from the magma as opposed 
to Permeatiorn-gneiss, which contains some igneous material. 
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Holmquist (1922) regards the ptygmatic vein as an endogenous secretion of the 
country-rock itself under conditions of ultra-metamorphism, and it will be shown later 
that there is some evidence for believing that under the fluxing action of fluids from 
the magma, some of the pelitic rocks at Cooma were dissolved and re-precipitated as 
quartz-andalusite veins. These veins and secretions, however, are of microscopic 
dimensions and there is better evidence for regarding the ptygmatic veins as products of 
the gneissic magma. At present the origin of the ptygmatic veins at Cooma must remain 
an open question. The corduroy granulites sometimes exhibit mullion structure as 
noted by Browne (1931b). Good examples of this may be seen in Pilot Ck., Por, 124/125, 
Par. of Murrumbucka, and on a small creek, Por. 170, Par. of Jillamatong. 


Cooma Creek Spring Creek 


Fig. 6.—Ptygmatic quartz vein in mottled gneiss. 


(2) Petrography. 

(i) Mottled Gneiss derived from Aluminous Pelite. 

As previously mentioned, contact-altered types, retaining all their usual microscopic 
characters, are found on the margin of, or often well within, the permeation-zone. In 
handspecimen these rocks are distinctly schistose and though very slightly granular, 
show very close resemblances to the characteristic knotted schists of the contact-aureole. 
Andalusite-bearing schists just within the permeation-zone, and a more micaceous type 
of somewhat different composition are described on p. 169. Although differing 
chemically the micaceous rock is structurally similar to the other contact-altered pelites, 
and both types may be regarded as the foundation of the pelite-derived mottled gneiss. 

Slightly more altered rocks of this zone are represented by fine, granular, somewhat 
schistose types with ill-defined elliptical spots that give the weathered surface a mottled 
appearance. These are interbedded with the corduroy granulites and occur on the outer 
margin of, or just within, the permeation-zone. 

Under the microscope the spots are seen to consist of rounded areas of the typical 
contact-altered andalusite-biotite-schist (compare Figs. 7B and 7C), which are partly 
surrounded by small (0:3 mm.) orthoclase porphyroblasts crowded with rounded blebs 
of quartz and outlined with small flakes of biotite. In appropriate sections the porphyro- 
blasts are seen to be slightly elongated in the direction of the schistosity and the mica 
flakes are orientated. 

The envelopment of fine-grained andalusite-biotite-schist by coarser material, possibly 
of the same chemical composition, is of interest as a somewhat similar phenomenon has 
been observed by Barrow and Craig (1912). They considered the finer fragments to be 
hornfelses that were formed as the result of an earlier intrusion and were subsequently 
crushed and subjected to high-grade regional metamorphism; but it will be seen below 
that a somewhat different explanation is put forward to account for the Cooma occurrence. 

Iron ores are usually absent from these Cooma rocks, but a little magnetite some- 
times occurs in groups of small grains. Zircons, with their characteristic haloes, often 
with a corona, are common as inclusions in the fine-grained schist fragments. In these 
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A. Contact-altered schist showing 
andalusite, biotite, muscovite, altered 
cordierite and small xenoblasts of quartz. 
Section parallel to schistosity. x 12. 

B. Similar rock cut perpendicular to 
schistosity. x 12. 

C. Spotted granulite showing ‘budding’ 
of schist and development of orthoclase 
porphyroblasts. x 12. 

D. Sillimanite-gneiss (Paragneiss). 
Further stage in development of mottled 
eneiss. Schist remnants more _ isolated 
and coarser in grain. Sillimanite and new 
andalusite associated with porphyroblastic 
orthoclase. x 12. 

EK. Mottled gneiss. Schist remnant 
(left) coarser in grain and broken up by 
development of muscovite, quartz and 
striated orthoclase. Note sillimanitization 
of biotite in centre of figure. x 12. 

F. Andalusite-quartz segregation in 
paragneiss (cf. Fig. 7D). Note isolation 
of schist remnant now represented by 
Sillimanitized biotite (right). x 12. 
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rocks zircons are more abundant than in the granite-gneiss itself; a fact noted in similar 
rocks by Lacroix (1899, p. 8). Occasionally large (1 mm.) crystals of andalusite, clear 
and free trom inclusions, form adjacent to, or just within, the schist remnant, and 
granular quartz and large flakes of brownish-red biotite are usually associated. At a 
slightly later stage this andalusite-quartz-haughtonite assemblage forms tiny veins or 
segregations within the schist fragment, and still later such veins cross-cut the whole 
rock (Fig. 7F). These may perhaps be compared with the oligioclase-quartz segregations 
and veins in the garnet-sillimanite-gneiss of Glen Muick (Barrow and Craig, 1912). 

When lobes of the fine-grained schist have been completely detached and isolated 
in the coarser matrix of porphyreblastic orthoclase, there is a development of sillimanite, 
which is at first evidenced by the appearance of tiny trails, mats or needles at the 
margin of the schist fragment and a little later between the orthoclase porphyroblasts 
(Fig. 7D). When this occurs there is usually a noticeable increase in the size of the 
criss-cross mica flakes and in the proportion of the white mica in the schist fragments. 
Moreover, these larger flakes of muscovite are usually poikiloblastic. The rocks might 
now be called paragneisses or sillimanite-gneisses and the region in which they occur 
is essentially the sillimanite-zone, the relict andalusite being in unstable equilibrium. 

In handspecimen the rocks now show a less schistose appearance and might be 
termed mottled gneisses or granulites. Under the microscope the schist remnants are 
still recognizable and, with few exceptions, their texture is coarser (Fig. 7D) and their 
‘size much reduced. They now contain more quartz and muscovite and are frequently 
intersected or completely surrounded by large crystals of andalusite and reddish biotite. 
Small scattered grains of partly-pinitized cordierite are often associated with the 
disintegrating schist fragment. Orthoclase porphyroblasts have now attained a size of 
about 2:mm. and are outlined by large flakes of biotite and matted strands of sillimanite 
filaments. Sillimanite also occurs in slender needles or in radiating tufts in both quartz 
and orthoclase. The orthoclase porphyroblasts may be mantled by quartz or optically- 
continuous orthoclase, which is often separated from the original felspar by a barrier of 
sillimanite growing out into the clear rim. Small patches of myrmekite sometimes 
encroach on the margins of the porphyroblasts and occasional veinlets and small grains 
of striated orthoclase may occur. The rocks are now passing from paragneisses to 
permeation-gneisses, as it is believed that the striated orthoclase, the myrmekite and 
some of the quartz are additions from the magma. 

In most cases the original schist fragments are now represented either by fairly 
coarse areas of criss-cross micas associated with relict andalusite and large crystals of 
new andalusite, biotite and quartz, or by large porphyroblasts of pink, pleochroie 
andalusite with rounded inclusions of red mica and quartz. The development of 
sillimanite both from andalusite and from biotite is now well shown and knotted patches 
of this mineral with a faint brown colour and showing ghosts of pleochroic haloes often 
mark the positions of original flakes of biotite (Tilley, 1921; Tattam, 1929). Occasionally 
such patches of knotted and gnarled sillimanite are completely surrounded by the quartz- 
andalusite segregation material (Fig. 7F). At this stage also large crystals of andalusite 
are often surrounded by small rods of sillimanite. The orthoclase porphyroblasts may be 
wedged apart by the development of striated orthoclase (Browne, 1922, p. 33) and them- 
selves show perthitic intergrowth with albite. 

These rocks pass imperceptibly into a group that cannot be distinguished from them 
in the field. The rocks are now true permeation-gneisses. Mottling is still pronounced 
and under the microscope the small schist fragments may still be recognized, but they 
are coarser in grain and partly disintegrated by the development of large plates of 
muscovite and poikiloblastic grains of cordierite. The earlier formed muscovite flakes 
are poikiloblastic, but the new larger crystals are moulded around the earlier minerals 
and are practically free from inclusions. At this stage muscovite, together with large 
grains of quartz, striated orthoclase or microperthite and abundant myrmekite, occurs 
in the coarse matrix. Needles and mats of sillimanite are common in the muscovite and 
quartz, and occasionally occur in the orthoclase (Fig. 7E). The felspar porphyroblasts 
have now almost completely disappeared, but traces of them may be represented by 
groups of small rounded inclusions at the centre of large irregular felspar grains. 
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Cordierite occurs at first as irregular grains in or near the schist fragment, but in the 
last stages of its disintegration the cordierite may be completely surrounded by quartz 
and orthoclase, and occurring thus, the mineral is idioblastic and tabular. Small crystals 
of apatite are now prominent and part of the rock has a distinct igneous appearance. 

Besides the development of myrmekite other intergrowths and symplektites occur. 
Quartz-muscovite symplektites ‘occur around -orthoclase and cordierite grains giving the 
rock a somewhat porphyroblastic appearance. Sederholm (1916) has observed this 
intergrowth fringing orthoclase, but does not record its association with cordierite. 
In one specimen a vein of orthoclase invades a fragment of relict schist, and where 
adjacent to andalusite, it is bordered by a narrow scolloped rim of quartz crowded with 
sillimanite needles. Against the orthoclase the quartz forms a series of tiny fans, and 
the tufts of sillimanite radiate from their base which is adjacent to the andalusite. 


(ii) Mottled Gneiss derived from Psammopelite. 

(a) Corduroy Granulite Foundation.—In the early stages of their development these 
rocks are essentially contact-rocks. In handspecimen they are well banded and on 
account of the differential weathering of the bands a characteristic ribbed or corduroy 
structure is produced. In the normal types the bands are fairly evenly spaced, but in 
the rarer, more siliceous varieties there is a wider separation of the dark bands. The 
light bands are the less susceptible to weathering and form the ridges. 

Under the microscope the light bands are seen to consist mainly of a granoblastic 
mosaic of quartz, biotite and orthoclase with possibly a little untwinned plagioclase. 
The dark bands contain abundant biotite, granular andalusite and a little quartz. A 
little muscovite may be present in either band, and tourmaline, zircon and iron ores 
are common accessories. The bands are about 1:5 mm. in width and the grainsize of 
the rock is 0:1 mm. or less (Fig. 8A). 

The banding is undoubtedly of sedimentary origin, but the arrangement of mica 
flakes indicates an approximate parallelism of bedding and schistosity. A false cleavage 
is sometimes evident in the micaceous seams. The biotite may be reddish-brown or 
greenish-brown. 

At a slightly later stage in the development of the gneiss, the light bands show small 
orthoclase porphyroblasts with a sieve structure, and gradually these encroach on the 
darker bands, which consequently become discontinuous and are marked by a series of 


A. Corduroy granulite showing alternating bands. x 12. 

B. Spotted granulite showing development of orthoclase porphyroblasts and breaking up of 
andalusite-biotite bands into a series of colinear spots. x 12. 

C. Acid mottled gneiss showing sillimanite, muscovite and pinitized cordierite surrounded 
by grains of quartz and striated orthoclase. x 12. 
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colinear spots (Fig. 8B) or overlapping, elongated strips. The grainsize is now slightly 
coarser, the orthoclase porphyroblasts being from 0-5 to 1 mm. Muscovite is often 
abundant and occurs in large flakes, and apatite is sometimes present. In a few types 
a little cordierite occurs at this stage. These rocks may now be regarded as paragneisses. 

Sillimanite makes its appearance at an advanced stage when original banding, 
though still recognizable in handspecimen, is represented only by colinear spots or over- 
lapping and discontinuous rafts. In some types orthoclase appears to be giving place to 
muscovite and at this stage andesine may occur in the lighter bands. It was pointed out 
above that the presence of this mineral was suspected at an earlier stage. Myrmekite 
and striated orthoclase are now common and relict andalusite is present only in small 
amount. The sillimanite occurs in tufts or mats among the material of the original 
dark bands, but it also occurs in needles in quartz and muscovite. Cordierite is now 
well developed and may be subidioblastic against quartz, orthoclase or plagioclase. It 
is often much pinitized (Fig. 8C). The rock may now be regarded as a true mottled 
gneiss and in handspecimen most of these types are indistinguishable from those that 
have been derived from the aluminous pelites. Others, however, notably those from 
Mt. Gladstone, which were probably more siliceous types and showed a wider spacing 
of the pelitic bands, still preserve a slight banding that gives a clue to their origin. 

(vb) Homogeneous Granulite Foundation.—In the early stages of their development 
these rocks appear as dark grey granulites with a slight banding or flecking. Some 
types are slightly spotted and andalusite crystals stand out on weathered surfaces. At 
a later stage the types richer in pelitic material show the mottling characteristic of 
types derived from the aluminous pelite. 

As there are all gradations between pelitic-rich and psammitic-rich psammopelites, 
there must be all gradations between the types of mottled gneiss derived from them. 

Under the microscope the least altered types are contact-altered psammopelites with 
quartz, andalusite and reddish-brown biotite in varying amounts depending upon the 
rock’s proximity to the pelitic or psammitic end-member. Some types are very slightly 

banded, but are included here as the banding is not apparent in handspecimen. 

A type showing an early development of porphyroblastic orthoclase is from a small 
tributary on Slack’s Creek, near the gate between Pors. 70 and 30, Parish of Binjura, 
at a distance of only a few yards from the normal silky knotted schist. This rock is 
very slightly banded and, as in the case of the corduroy granulites, the porphyroblasts 
develop first in the lighter bands. The more psammitic rocks still preserve a slight 
clastic structure at this stage of metamorphism (Harker, 1932). The detrital quartz 
grains are elongated, have sutured margins and show undulose extinction. 

The more pelitic types are very similar to the mottled granulites at a corresponding 
stage of metamorphism. Small remnants of the original schist are now surrounded by 
a matrix consisting largely of quartz and orthoclase porphyroblasts, but, as in the case 
of the corduroy granulites, the development of sillimanite is somewhat retarded. Like 
the mottled granulites, these rocks may contain small segregations of the andalusite- 
quartz assemblage. 

At a later stage cordierite, striated orthoclase, larger grains of quartz and often 
patches of myrmekite are present, but in the most advanced stage this type cannot be 
distinguished trom the mottled gneiss derived from the pelite on the one hand, or from 
the corduroy granulite on the other. 


(3) Genesis of the Mottled Gneiss. 
(i) Mineralogical Transformations. 

Although the corduroy granulites preserve their identity as banded sedimentary 
rocks long after the interbedded pelites are well on the way to becoming mottled gneisses, 
the changes taking place in all these rock groups are essentially similar and as such will 
be considered here. 

The first mineralogical change is the development of orthoclase and large flakes of 
brownish-red biotite (presumably rich in haughtonite). This probably takes place 
without addition of material from the magma though it is no doubt promoted by 
magmatic accessions, and the selective penetration of these may explain the isolation of 
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pelitic schist fragments, giving rise to the characteristic spots. In the banded psammo- 
pelites isolated colinear spots are developed by the same means. 

- Without addition of magmatic material, these newly-developed minerals possibly 
arise from the biotite thus: 

24 K,0.3(Mg.Fe)O.Al,0,.8Si0,.2H.O | = K,0.6(Mg.Fe)O.AI1,0;.6Si0,.2H,0 + 

K,0O.A1,0,.6Si0, + 4SiO, + 2H.O. 

2 Biotite = Haughtonite + Orthoclase + 4 Quartz + 2 Water. 

In the pelite the next stage after the initial budding-off of the schist fragments and 
the development of porphyroblastic orthoclase is the sillimanitization of much of the 
biotite. This change must be accompanied by the passing out of potash from the mica, 
which no doubt accounts for the shrunken and contorted appearance of the sillimanite 
pseudomorphs. 

2{K,0.3(Mg.Fe)O.Al,0,.8S5i0,.2H.O | = K,0.6(Mg.Fe)O.Al,0;.6Si0,.2H,0 + 

Al,O,.Si0, + K,0 + 9Si0, + H.O. 

2 Biotite = Haughtonite + Sillimanite + Potash + 9 Quartz + Water. 

The potassium, expressed here as an oxide, probably passes out as a hydrous silicate 
or possibly as a halogen compound. It probably attacks the andalusite closely associated 
with the biotite of the relict schist, and a further quantity of orthoclase or of muscovite 
is formed to bring about the disintegration of the schist fragment. These changes can be 
expressed by the following equations: 

(1) Al,O,.Si0, + K,0 + 5SiO, = K,O.AI1,0;.6Si0,. 

Andalusite + Potash + 5 Silica = Orthoclase. 
(2) 34 Al,O;.Si0, | + K,0 + 3S8i0, + 2H,0 = K.O.3A1,0,;.6Si0,.2H.O0. 
3 Andalusite + Potash + 3 Silica + 2 Water = Muscovite. 

At this stage volatiles from the magma play an important part in bringing about the 
partial mobilization of some of the endogenous material of the rock (Holmquist, 1922). 
Quartz and andalusite are dissolved under the influence of these emanations, and in the 
cavities so formed, the andalusite is re-deposited from a siliceous aqueous medium as 
Jarge pink crystals. The quartz must remain in solution for a considerable time, for 
there is evidence that the large andalusite crystals were cracked and corroded before 
they were healed by the quartz, which occurs in small grains infilling cracks and cavities 
(Fig. 7F). This is rather similar to the corrosion and healing of large tourmaline 
crystals in pegmatites, a process which also probably takes place in the presence of 
volatiles. 

At about this stage also, andalusite may give rise to sillimanite, and sometimes 
crystals of relict andalusite coalesce to form large porphyroblasts that occupy the site 
of the original schist remnants, and enclose only small grains of quartz and reddish- 
brown biotite. 

Quartz and possibly orthoclase are now added from the magma, and at this stage also 
the original biotite and andalusite rapidly decrease in amount, with the formation of 
cordierite and muscovite. 

24 K,0.3(Mg.Fe)0.Al,0;.8Si0,.2H,O + + 10 Al,O;.SiO, + SiO, = 

24 K,0.3A1,0;.65i10,.2H,O | + 34 2(Mg.Fe)O.2A1.0,.5Si0, } 

2 Biotite + 10 Andalusite + Silica = 2 Muscovite + 3 Cordierite. 

The coming in of albite-rich solutions with the formation of myrmekite and micro- 
perthite marks the final stages in the making over of the sedimentary rocks into the 
permeation or mottled gneiss. 


(ii) Chemical Discussion. 

In the foregoing section it is shown that the mineralogical changes, by which 
andalusite-bearing schists are converted into sillimanite-bearing paragneisses, may take 
place without addition of magmatic material, although they are no doubt promoted by 
igneous emanations. A slight magmatic addition, however, has been postulated to 
account for the passage from paragneiss to permeation-gneiss. 

In Table 7 the analyses of three aluminous pelites, repeated from Table 3, are 
compared with those of four rocks from the permeation-zone. A casual glance will show 
that the gneisses have undoubtedly a pelitic foundation, but a direct comparison of the 
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analyses is not satisfactory (Ransome, 1911; Browne and White, 1926; Joplin, 1933), 
nor can the analyses be compared on a basis of unit volumes since volume changes 
during metamorphism are unknown. 


TABLE 7. 
I IL. III. IV. V. VI. Vil. 

SiO, 54-18 58:87 56°40 54°63 56°05 59°05 61-13 
Al,O; 25°48 PAO: 23-20 743) 2333) 24°91 22-95 23°43 
Fe,0, 2-99 2°47 130 2-40 1-22 1°48 0-09 
FeO 3:08 4-05 D22, 4°64 4°76 5°16 4°84 
MgO 30 118} 2-98 3°24 QD 2°51 SOR 1-99 
CaO 0-41 0:12 0°63 0-65 0-51 0-65 0°63 
Na,O 0-73 0-60 0-61 0-62 1:06 0-81 1-08 
k,0 5°70 Bye/8 5°65 6:28 6:12 5°85 5-84 
H,O + 2°88 2-59 2°77 1,05) 1:23 oly 0-26 
H,O — 0:48 0-22 0°30 0°26 0-22 0-18 0-20 
TiO, 0°73 0°84 0°57 0°86 0°86 0:68 0-72 
P.0; 0:07 0-05 0-06 0:20 0-14 0-18 0-24 
MnO 0-03 0-02 0-01 0-05 0-11 0:05 0-09 
ZrO, n.d 0-02 0-05 0-15 0-09 0-19 0-16 
(0) 0-34 0°16 0-51 — — — = 

100-23 99-95 100-52 100-09 99-79 99-86 100-70 
Sp. Gr: oh See 2-80 2-78 2-85 2-83 2°89 2-82 2°81 


I. Chlorite-sericite-phyllite. Por. 144, Par. of Coolringdon. Anal. G. A. Joplin. 
II. Plicated mica-schist (Fig. 2, Ic). Crossing of Slack’s Creek and Dry Plain Road. Anal. G. A. Joplin. 
Tif. Knotted andalusite-schist (Fig. 2, Ip). Por. 137, Par. of Binjura. Anal. G. A. Joplin. 
IV. Spotted granulite (Fig. 7c). Por. 212, Par. of Binjura. Anal. G. A. Joplin. 
V. Mottled gneiss. Spring Creek, Por. 212, Par. of Binjura. Anal. G. A. Joplin. 
VI. Mottled gneiss. Spring Creek, Por. 212, Par. of Binjura. Anal. G. A. Joplin. 
VII. Mottled gneiss. Mt. Gladstone, Por. 145, Par. of Jillamatong. Anal. G. A. Joplin. 


In an attempt to ascertain what chemical changes have taken place, triangular 
diagrams have been constructed. In Fig. 9 normative orthoclase plus corundum (after 
satisfying alkalies and salic lime), albite and anorthite plus femic minerals are used 
as co-ordinates. This type of diagram has been employed by Brammall (1933) and 
MacGregor and Wilson (1939) to interpret chemical changes during granitization. It 
will be seen that the ungranitized schists (1, 2, 3) and the spotted granulite (4) show 
approximately the same amount of albite, but that the three mottled gneisses are offset 
towards the albite pole in the direction of the contaminated Cooma gneiss (8). 

In trying to ascertain whether orthoclase has been added from the magma, it was 
necessary to know whether there was any variation in the orthoclase content of the 
original schist, or whether the range between 1 and 2 (Fig. 9) was due to a greater or 
less amount of corundum. Thus Fig. 10 was plotted with corundum and orthoclase as 
separate co-ordinates, and it will be seen that the original schists show sufficient range 
in orthoclase to account for any discrepancies between the mottled gneisses. 

In Fig. 10 the muscovite-albite conjugation line separates the fieid of sediments 
(albite-corundum-muscovite) from that of igneous rocks (albite-orthoclase-muscovite) - 
It will be seen that the mottled gneisses as compared with the ungranitized schists are 
slightly displaced towards the Cooma gneiss (8) in the igneous field. 

To conclude, an examination of these diagrams shows that the paragneisses (5 and 6) 
are very slightly granitized by the addition of albite and that no orthoclase has been 
added from the magma. The permeation-gneiss (7) contains a little more albite, which 
has obviously come in as myrmekite or as part of the striated orthoclase, the latter 
having replaced the porphyroblastic orthoclase of the paragneiss. 

Granitization by the incoming of soda rather than of potash solutions has been 
described by Goldschmidt (1920) from the Stavanger Region of Norway and by Read 
from Aberdeenshire (1927a) and from Sutherlandshire (1931), Scotland. In these areas 
the final product of granitization is an albite-porphyroblast-schist, but at Cooma, where 
the concentration of albite has not been so great, this highly sodic type does not occur. 
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In Norway and in Scotland the invading magma is trondhjemitic, but the Cooma gneiss, 
although soda becomes concentrated as an end-phase, is not initially a sodic type of 
magma. 

It is of interest to note that zirconia is concentrated in the permeation-zone, and 
that the amount is comparable with that found in sodic alkaline rocks. It seems likely, 
therefore, that zirconia accompanied soda in permeating these rocks at some distance 


from the igneous body. 


Or; Cor. 


Ab. 3 An-Fem 


Cor. Muscovile Or. 


Kig. 10. 
Figs. 9 and 10.—Normative variation diagrams showing plots of analyses, Table 9 (1-7) 
and Table 10 (1, 2, 4). Numbers of analyses 1-7 correspond with those of Table 9; 8, Cooma 
eneiss; 9, pegmatite; 10, albitized Cooma gneiss. 
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(4) The Apparent Intrusive Relation of the Mottled Gneiss. 

In discussing the field occurrence of the mottled gneisses, it was pointed out that 
their relation to the associated corduroy granulite was usually concordant, but some- 
times transgressive, and that it was for this reason that Dr. Browne regarded them as 
highly contaminated igneous rocks. 

In the foregoing mineralogical and chemical discussions, it has been shown that 
most types of mottled gneiss may be derived from aluminous pelites or psammopelites 
without magmatic addition. The mottled gneisses are, therefore, mainly paragneisses, 
although mineralogical changes have probably been promoted by magmatic emanations 
acting as transporters and catalysers. The schistose pelitic rocks are more susceptible 
to this type of alteration and lose their identity before the more massive interbedded 
granulites, and thus appear as concordant intrusions among the banded rocks of 
undoubted sedimentary origin. 

The change from corduroy granulite to mottled gneiss takes place rather irregularly, 
as there are no regular planes of weakness such as schistosity, and the junction between 
the granulite and the granulite-derived mottled gneiss may be somewhat irregular and 
rather similar to an intrusive junction. Occasionally the change from banded to mottled 
type may be traced in the field, and in every case the gneiss appears to transgress the 
banding of the granulite from which it is often separated by a wave-front of quartz or 
pegmatite. Thus the less common ‘transgressive’ mottled gneiss is most likely to be one 
derived from the corduroy granulite and the more common ‘concordant’ variety may be 
derived from the pelite or from certain psammopelites. 

Furthermore, it has been shown that the action of volatiles may bring about limited 
mobilization of the sediments with the production of a quartz-andalusite assemblage. 
Although such patches of mobilized material are small and occur only in small veins and 
segregation patches, it is probable that under certain favourable conditions this plastic 
material may be slightly transgressive against the adjacent rocks. Finally, with the 
incoming of magmatic material in the permeation-gneisses this mobility may be some- 
what increased. 


2. INJECTION-ZONE (IGNEOUS MATERIAL DOMINANT). 
(1) Field Occurrence. 

The injection-zone is approximately 13 miles in width and lies between the 
permeation-zone and the main outcrop of granite-gneiss. It consists mainly of injection- 
gneisses that exhibit good examples of lit-par-lit injection (Fig. 11). A small isolated 
occurrence at Pine Valley probably indicates an upward extension of the intrusion at 
this point. 

On its outer margin the injection-zone grades into the permeation-zone, but in the 
former igneous material is more prominent, occurring in distinct tongues and small sills 
as well as in small discrete layers or patches in the injection-gneiss. The sedimentary 
host of the injection-gneiss may be pelitic, psammitic or psammopelitic. In the first 
case the rock is a mottled gneiss much threaded with granitic or pegmatitic material. 
Towards the injection body the rocks take on more distinctive characters and lit-par-lit 
injection is common. The sedimentary lits are themselves much granitized by soaking 
or permeation, as well as being interleaved with definite igneous material. In some 
cases these highly granitized schists are difficult to distinguish from the granite-gneiss, 
and on its inner margin the injection-zone passes almost imperceptibly into the latter, 
which contains numerous orientated inclusions of the granitized country-rocks. 


(2) Petrography. 
(i) Sedimentary Host. 

(a) Aluminous Pelite—In handspecimen these rocks show the characteristic mottling 
of the highly altered pelites, but in addition a gneissic banding is now developed by, the 
discrete injection of granitic or pegmatitic material. The rocks are usually folded and 
the igneous tongues follow, and thus accentuate, these folds. 

A small area of injection-gneiss occurs well away from the main zone among the 
permeation-gneisses in Pine Valley. This is probably due to an upward extension of the 
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underlying intrusion, and the pegmatitic nature of the igneous lits tends to confirm the 
observation that the granite cupolas are of very acid composition (see p. 187). 

The sedimentary bands of these rocks still show most of the characteristics of the 
permeation-gneiss, but very little relict andalusite now remains, and cordierite is entirely 
altered to pinite. The sedimentary lits, therefore, consist mainly of sillimanite, mica, 
quartz, and new andalusite and sometimes a little tourmaline introduced from the 
pegmatite. 


Fig. 11.—ULit-par-lit injection. (Drawn from a photograph 
by W. R. Browne.) 


Between Spring Creek and Snake Gully, on the outer border of the injection-zone, 
the rocks are still characteristically mottled gneisses, but no relict andalusite is present 
and there is a great development of the pink andalusite-quartz assemblage. On Snake 
Gully and well within the injection-zone to the east of it, sharply-defined gneissic 
banding is evident. The sedimentary bands, about 2 mm. in width, consist for the most 
part of matted strands and felts of sillimanite intergrown with or developing from 
biotite. Muscovite, intergrown with quartz, occurs in long bladed crystals up to 2-5 mm. 
in length and gives the rock a lepidoblastic structure. 

The igneous lits consist of irregular grains of striated orthoclase up to 0-75 mm. in 
a fine base of quartz, muscovite and biotite. In types close to the igneous body the 
felspar is microperthite or highly myrmekitized orthoclase. Miniature folding is often 
well developed in these rocks, the igneous bands following the folds and the sedimentary 
ones frequently developing a false cleavage. 

(b) Psammopelites and Psammites—Psammopelites and psammites. with an 
argillaceous matrix may be described together, as they differ only in the proportions of 
quartz present. 

Many of these rocks show excellent examples of lit-par-lit injection, the igneous and 
sedimentary bands being quite distinct and sharp and showing beautiful examples of 
miniature folding. In handspecimen most of the rocks are fine-grained streaky grey and 
white gneisses, occasionally showing a slight augen structure. A few types, particularly 
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the psammitie ones with macroscopic white mica, are more homogeneous and coarser in 
grain, and the igneous tongues thread through them irregularly. 

It has already been pointed out that psammopelites are the commonest type in the 
Cooma district, so it is to be expected that the commonest variety of injection-gneiss has 
a psammopelitic host. 

Under the microscope a gneissic banding is well shown and the mineral constitutions 
ot sedimentary and igneous lits are quite distinct. In the sedimentary bands quartz 
grains are usually elongated and form a mosaic with biotite, muscovite and andalusite. 
Frayed knots of sillimanite sometimes occur, but andalusite is the stable aluminium 
silicate and when present sillimanite usually occurs as needles spearing muscovite and 
quartz. Cordierite is represented by masses of pinite. Sometimes larger units of quartz, 
andalusite and biotite are surrounded by a fine felt of tiny muscovite flakes, and in some 
types muscovite is present to the exclusion of any other alumino-silicate. 

The igneous lits may be granitic or pegmatitic. When lit-par-lit injection is 
particularly well developed, it appears to be of a pegmatitic nature. These igneous bands 
vary from a few millimetres to more than fifteen millimetres in width, and consist of 
large irregular grains of microperthite or myrmekitized orthoclase, quartz with highly 
sutured boundaries, apatite and not infrequently tourmaline. Sometimes these pegmatitic 
tongues isolate tiny fragments of the sediment, which may be represented by large 
erystals of pink andalusite, by wisps of sillimanite, or by pinitized or sericitized grains 
of cordierite. When the granite-gneiss itself has been the agent of granitization, 
oligioclase occurs with irregular grains of quartz and a little orthoclase in the 
sedimentary its. 


(ii) Igneous Host. 

The igneous rocks, of which there are three types among the country-rocks—basic 
granulites, amphibolites and chlorite amphibolites—do not form true injection-gneisses, 
although the first two have suffered a limited granitization. 

It has already been stated (p. 171) that the basic granulites are sometimes injected 
by quartz-andesine veins and that. large hornblende crystals have developed along their 
margins; but apart from this, no further granitization appears to have taken place, 
although the rocks actually occur as inclusions within the granite-gneiss. 

The metasomatism of the normal amphibolites has been the subject of a separate 
investigation (Joplin, 1939). It was found that the original labradorite of the basic 
rock was partly replaced by silica and that at a slightly later stage there was further 
silicification accompanied by albitization and a simultaneous increase in the size of the 
hornblende crystals. Finally, these partly altered amphibolites were invaded by 
numerous quartz-andesine veins and, as in the case of the veins injecting the granulites, 
larger crystals of hornblende developed at their margins. 


3. The Granitization Process. 


Two types of granitization have taken place: (a) There has been a soaking in of 
magmatic fluids, which, though they deposited quartz and felspar, also brought about 
certain mineralogical changes within the country-rocks themselves, such as the formation 
of large andalusite crystals in the case of the sediments, and of large hornblende crystals 
in the case of some of the igneous rocks. (vb) There has been an intimate penetration 
of discrete tongues of granite or pegmatite or lit-par-lit injection. 

The first type has taken place in the permeation-zone remote from the igneous body, 
where dilute and highly mobile fluids have penetrated for considerable distances. The 
magmatic soaking of the country-rocks has been termed permeation by Read (1931) and 
others, and imbibition by the French petrologists (Lacroix, 1900). 

The second type, involving the injection of magma and not of selective emanations, 
has taken place in the injection-zone immediately adjacent to the igneous body. This 
process, unlike the other, is not a soaking but a discrete injection. 

Thus the magma itself has penetrated the heated and folded rocks only for a limited 
distance, approximately the width of the injection-zone, a distance of about 13 miles, 
but certain selective fluids and alk-aluminous emanations may have migrated for as 
much as 3 miles from the main intrusive mass. The occurrence of small lenses of 
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eneiss within the granitized zones indicates upward extensions of the intrusive body, 
so measurements on the width of the granitized zones can be only very approximate. 

A study of the various phases of the Cooma gneiss indicates that the separation of 
pegmatite and the passing out of albite-rich solutions was a late episode in the 
differentiation of the magma, and as such solutions play an important part in the process 
of granitization, it may be assumed that granitization of the country-rock was a late 
stage in the history of the metamorphic complex. JLit-par-lit injection and ptygmatic 
folding indicate that temperatures were high and that some folding was possibly taking 
place at the time of granitization. According to Read (1931, p. 146) such conditions 
follow a tectonic maximum. 


V. ORDOVICIAN INTRUSIVES. 

Within the area investigated ultrabasic, basic and acid intrusives occur, but inter- 
mediate types are notably absent. The main intrusion is a granite-gneiss with which 
pegmatites and other acid types are associated, and the basic and ultrabasic rocks occur 
as small bosses enclosed in the gneiss or invading the neighbouring granitized schists. 
The granite-gneiss is always contaminated by sedimentary material, and locally it has 
reacted with the basic type to form a hybrid. 

For convenience the rocks will be described in the reverse order of their probable 
differentiation, thus the most acid, uncontaminated rocks will be dealt with first. 


1. COOMA GNEISS AND ITS ACID PHASES. 
(1) Field Relations. 

In 1914, Dr. Browne mapped, and briefly described, a continuous outcrop of granite- 
gneiss about 5 miles in length and some 24 miles in width. The town of Cooma is 
situated at about the centre of this mass, which Dr. Browne has called the Cooma gneiss. 
At the same time he recorded the occurrence of a number of small isolated lenses of 
gneiss among granitized schist to the north and to the west of the main outcrop. Since 
1914, Dr. Browne has traced fairly continuous masses of Cooma gneiss invading 
granitized schist for a distance of about 14 miles north of Cooma, and he has been able 
to recognize large inclusions of it in the Silurian gneiss at a distance of some 30 miles 
north of Cooma. On p. 168 it was pointed out that the trend of the andalusite-zone 
at the northern end of the map (Plate v) indicates a northerly extension of the Cooma 
gneiss that has been engulfed by the Silurian intrusion. 

Though termed a gneiss, the rock is more often massive, and the presence of 
numerous orientated xenoliths and large rafts of schist, where it merges into the . 
injection-gneiss, tends to give a false impression of its gneissic character. In places, 
however, especially in the fine-grained mica-rich types occurring as isolated outcrops in 
the granitized schist, very definite directional structures are developed. Viewed 
macroscopically the grainsize of the rock is fairly even, but close examination shows the 
presence of small, often rounded, felspar phenocrysts. Sometimes large masses of quartz 
and felspar, over an inch in diameter, give the rock a very porphyritic appearance. It 
has been suggested that the quartz nodules represent undigested quartz veins which 
invaded the Ordovician sediments. 

Xenoliths are very numerous in the gneiss, the larger ones almost invariably being 
orientated. Most types of the country-rock may be recognized among the inclusions, and, 
except for its most acid phases, the gneiss is always to some extent contaminated. In 
certain areas (indicated on the map, Plate v) basic granulites occur infrequently as 
xenoliths and often as flat pebbles scattered over the granite surface. 

Small bosses of amphibolite occur as roof-pendants in the gneiss, and in their 
immediate vicinity the acid rock is basified. 

On its western margin, Por. 161, Par. of Binjura, an acid felspathic phase of the 
gneiss is developed, and the isolated lenses of gneiss occurring among granitized schists 
are acid types rich in muscovite. 

Large dykes of pegmatite are common in the Cooma gneiss and in the surrounding 
granitized zones. The positions of the principal dykes have been indicated by Browne 
(1914, Fig. 2). Small veins and tongues of pegmatite are very numerous in the injection- 
zone and sometimes occur in the permeation-zone. The large dykes are mostly parallel 
to the grain of the country and were possibly injected during a slight shearing stress. 
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Small quartz-felspar veins, showing no directional trends, were apparently injected 
as a late phase when compression had ceased. 


(2) Petrography. 
(i) Acid Phases. 

(a) Pegmatites—These rocks have been briefly described both by Di. Browne (1914) 
and by myself (1939). On their outer margins most of the dykes consist of a coarse 
graphic intergrowth of quartz and felspar, which passes inwards into a felspar-rich zone 
with a rude comb structure. The centre of the dyke is infilled with quartz which may 
contain large crystals of tourmaline, muscovite and biotite. 

Under the microscope the graphic border of a dyke from the quarry in Soho Street 
is seen to consist of quartz, microcline-microperthite, oligioclase and a little muscovite. 
The large felspars, about 10 mm. in diameter, are graphically intergrown with regular 
quartz units of about 3-5 mm. These units, however, are rarely single grains but consist 
of aggregates of small (0-4 mm.) grains, thus indicating a partial recrystallization of the 
rock. Further evidence of post-consolidation alteration is evidenced by the contortion of 
the microcline lamellae. The microcline contains fine threads of albite, and although 
this felspar appears in most instances to be late magmatic, the interruption of albite 
stringers by quartz inclusions suggests that some may have separated from solid 
solution. Some of the microperthite may therefore be pressure perthite (Browne, 1922), 
thus further corroborating the suggestion that the pegmatites were injected during a 
slight shearing stress. For the analysis of this rock see Table 8, Anal. III. 

A very similar rock appears at Pine Valley, where it invades the chlorite amphibolite. 
This rock contains zoned crystals of tourmaline that have been cracked and corroded 
and subsequently healed by fine granular quartz. In this rock the potash felspar is 
partly replaced by muscovite, which may be due to magmatic greisenization or to 
shearing. The acid nature of the rock and the presence of tourmaline, together with the 
occasional radiating arrangement of the mica, suggests that it is at least partly magmatic. 

.(b) Muscovite-rich Gneiss.—These rocks usually occur as isolated outcrops among 
the granitized schists. They are markedly schistose and have a much finer grainsize 
than the normal Cooma gneiss, but in mineral constitution they may be identical with 
the greisenized normal gneiss. 

They consist mainly of quartz, muscovite, often with a stellate arrangement, reddish 
biotite, altered orthoclase and usually some apatite and tourmaline. The orthoclase may 
be altered to white mica or to myrmekite. 

(c) Quarte-plagioclase Veins.—These veins occur throughout the area of Cooma 
gneiss, but are especially noticeable and prominent when they intrude the basic rocks. 
They are well exposed in the amphibolite quarry in Soho Street and they have already 
been figured and briefly described from this locality (Joplin, 1939). : 

They consist only of three minerals—quartz, plagioclase and apatite. The plagioclase 
varies from andesine (Ab,,An,,) to oligioclase (Ab-.An,,). 


(ii) Contaminated Phases. 


(a) The Normal Cooma Gneiss.—The normal Cooma gneiss is never completely free 
from contamination. Two types occur among this gneiss, but as they differ only in that 
one contains porphyritic plagioclase in addition to porphyritic orthoclase, they will be 
described together. Good fresh exposures of the plagioclase-rich type are to be found 
in Massie Street, west of its intersection with Soho Street, and it would appear that the 
town is built mainly on the outcrop of this type, but as it occurs within the town area, 
its junction with the type less rich in plagioclase could not be mapped. Moreover, it is 
very difficult to distinguish the two types in the field. 

In handspecimen most of these rocks are quite massive and of medium grainsize. 
They have a very characteristic appearance, the proportion of mica being unusually high 
for a rock so rich in quartz. They are light grey in colour, and small, somewhat rounded 
phenocrysts of felspar are common. Orientated rafts and narrow strip-like xenoliths of 
schist are abundant, and though their boundaries usually appear sharp in the hand- 
specimen, microscope examination reveals fairly extensive contamination of the magma. 
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A slightly gneissic structure and sometimes a schistosity is developed in these rocks 
and is most prominent in the plagioclase-poor types where orthoclase and muscovite are 
more abundant. 


TABLE 8. 
I A II III. IV B 
SiO, 70-65 71-93 75:27 74°71 73°66 76-10 
Al,O; 15-25 14-62 11-77 15°51 17-89 15-95 
FeO; 0-83 0-83 1-95 tr. tr. tr 
FeO 3-45 2-25 2-91 tr. tr. n.d. 
MgO 1-63 1-18 0-70 abs 0-09 0-11 
CaO 0-94 0-91 0-80 0-34 0-27 0-23 
Na,O Le efe/ 1-98 1-56 1-59 2-36 2-90 
K,0 4°63 5-03 3-08 8-11 5-12 Bere 
HO + 0-60 0°75 0-70 0-10 0-58 alcesRa 
H,0— 0-09 0-34 0-15 0-03 0-07 Sf 
TiO. 0°65 0°33 0:60 n.d. n.d n.d. 
P20; 0-12 0-22 0-19 0-10 0-02 n.d 
MnO os aye 0-05 0-03 0-05 abs. tr n.d 
Ete. B BS — 0-02 0-10 — — _- 
100-66 100-42 99-83 100-49 100-06 99-72 
Sm Cie 0 ee 2-79 — 2-74 2-60 2-67 2-673 


I. Cooma gneiss (with plagioclase phenocrysts). Massie Street, Cooma. Anal. G. A. Joplin. 
II. Gneiss. Cooma. Anal. H. B. Gurney, Proc. LINN. Soc. N.S.W., 34, 1909, 315. 
III. Graphic pegmatite. Soho Street, Cooma. Anal. G. A. Joplin. 
IY. Albite-muscovite-gneiss. Dry Plain Road, Por. 161, Par. of Binjura. Anal. G. A. Joplin. 
A. Granite. Mt. Wagra, North-eastern Victoria. C. M. Tattam. Geol. Surv. Vict., Bull. 52, 1929, 38. 
B. Muscovite granite. Omeo, Victoria. A. W. Howitt, Trans. Roy. Soc. Vict., 24, 1888, 110. 


Under the microscope both types are seen to contain felspar phenocrysts in an 
allotriomorphic groundmass averaging about 1 mm. The phenocrysts are subidiomorphic 
crystals of plagioclase or irregular and somewhat rounded grains of orthoclase which 
may measure over 5mm. The rocks consist of quartz, orthoclase, plagioclase and biotite 
with variable amounts of muscovite and myrmekite and accessory zircon, apatite and 
iron ore. Xenocrystal andalusite, sillimanite and biotite are usually present and, in 
addition, there is often a development of andalusite, and possibly of sillimanite, that 
has crystallized directly from the contaminated magma. 

The orthoclase phenocrysts which are present in both types occur in large (about 
5 mm.) somewhat rounded irregular grains. They are often fringed by encroaching areas 
of myrmekite, which may also occur along cracks and completely replace the potash 
felspar. In these extreme cases the released potash is deposited as muscovite, which is 
found in close association with the myrmekite along cracks. 

Plagioclase is an oligioclase-andesine (Ab,,An,, to Ab,,An,;,) and occurs both as large 
tabular phenocrysts and as small clear grains in the allotriomorphic groundmass. The 
phenocrysts usually show mottling and sometimes a peculiar checking which seems to 
have been caused by the envelopment of groups of small rectangular felspar by later 
material. Many of the larger plagioclase crystals contain minute needles of muscovite 
arranged in one or more directions, usually parallel to cleavages. Some crystals show 
strain. 

Quartz is very abundant both as small irregular grains (0-1 mm.) between the 
felspar phenocrysts and as large irregular grains (1 mm.) in the more even-grained 
varieties of the rock. 

Large irregular and corroded crystals of pink, pleochroic andalusite are closely 
associated with mats of sillimanite, muscovite and xenocrystal biotite. Sometimes 
remnants of this paragenesis are suggestive of the schist remnants in the mottled gneiss 
and are indeed the last fragments of the aluminous pelite to have escaped complete 
resorption by the magma. Much of the andalusite appears to be magmatic and may 
have recrystallized directly from the gneissic magma. Some may represent fragments of 
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the andalusite-quartz segregations from the schists that would be stable under magmatic 
conditions. 

Muscovite is abundant in some types, particularly in the rocks rich in orthoclase and 
poorer in plagioclase. The large flakes are usually speared by needles of sillimanite. 
Small flakes of secondary origin occur with myrmekite and quartz along cracks and 
crush zones where alteration has taken place. 

Apatite occurs in rare stout crystals, and small zircons are often present as 
inclusions in the biotite. 

A specimen free from macroscopic xenoliths was chosen for analysis. This represents 
a type containing both plagioclase and orthoclase phenocrysts, and it is interesting to 
note the similarity between this and a granite from North-Eastern Victoria (Table 8, 
Anals. I and A). 

(b) Altered Types of the Normal Gneiss—Two types of alteration occur— 
greisenization and albitization. In describing the normal rock, it was pointed out that 
the orthoclase was very susceptible to myrmekitization and that the released potash was 
deposited as muscovite. Many of the rocks show an advanced stage of this type of 
alteration and only cores of the original orthoclase may remain to indicate that the 
rock was once a normal type, poor in plagioclase. 

In some cases the rock appears only to have been greisenized, and such types are 
difficult to distinguish from highly acid rocks that have crystallized directly from the 
magma. 

Another type whose origin is in doubt is rich in albite (Table 8, Anal. IV). It may 
have crystallized directly from a magma which has been squeezed out to the west, or what 
seems more probable, it may represent the almost complete alteration of the normal 
eneiss. The rock occurs on the western margin of the gneiss on the Dry Plain Road. The 
outcrop is not extensive and a small cutting at the roadside reveals a light cream-coloured 
rock consisting mainly of quartz and felspar. In certain bands, however, very large 
idiomorphic crystals of biotite and of muscovite are developed, and there is some 
muscovite in the main body of the rock. 

Under the microscope the rock is allotriomorphic granular with a fairly even 
grainsize of about 3 mm. Albite (Ab,;An,) surrounds cores of kaolinized and sericitized 
material which was possibly original orthoclase. Quartz is very abundant in irregular 
erains, and muscovite is abundant in patches and almost absent in others, thus suggesting 
a somewhat irregular alteration of the original rock. 


(iii) Hybrid Phases. 

In handspecimen these rocks appear as highly micaceous granites or gneisses studded 
with small white felspar phenocrysts, and, except for their darker colour and greater 
abundance of mica, are rather similar to the typical Cooma gneiss, trom which they have 
been derived. They occur in the Soho Street quarry in the immediate vicinity of the 
amphibolite, and with a decrease in their mica content merge imperceptibly into the 
normal plagioclase-rich gneiss. 

Under the microscope two hybrids may be distinguished, an amphibolite-gneiss 
hybrid and an amphibolite-pegmatite hybrid. The first consists of biotite, quartz and 
oligioclase-andesine (Ab,;An.--Ab,,An.,,). The felspar occurs as phenocrysts up to 3 mm. 
and may form irregular grains or subidiomorphic tabular crystals. Zoning and blotching 
are characteristic and the mineral is usually sericitized. Biotite, a dark sepia variety, 
occurs in irregular flakes, and quartz has highly sutured boundaries. The amphibolite- 
pegmatite hybrid contains microcline in addition to the above minerals and in this case 
plagioclase is poorly developed. The microcline, showing well-developed spindle-shaped 
lamellae and often a development of both microperthite and myrmekite, occurs in large 
(7 mm.) irregular grains in a quartz-biotite base averaging 0-1 mm. 


(iv) Xenoliths. 
Most types of the country-rock may be identified among the xenoliths in the Cooma 


eneiss. These vary from large rafts several feet in length to small masses less than an 
inch in diameter. 


Q 
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It is not proposed to make a complete study of these inclusions here, but rey to 
record the types that have been so far recognized. 

Xenoliths of aluminous pelite and of psammopelite with an argillaceous matrix are 
the commonest types. These are similar to the sedimentary bands of the injection- 
gneisses where it was noted that (a) biotite was giving rise to sillimanite, (0b) biotite 
and sillimanite to pink pleochroic andalusite and (c) cordierite to pinite. It seems 
evident that the stable assemblage is andalusite and red-brown biotite and that all these 
other minerals are in unstable equilibrium. 

When in an advanced stage of resorption, irregular grains of plagioclase are 
developed in the xenolith. Original bedding is still preserved in the case of the banded 
psammopelites. 

Only one specimen of the psammopelite with a tuffaceous foatel ix is recorded. It was 
found as a large block among split boulders of Cooma gneiss in Massie Street, and 
presumably occurred as an inclusion. The rock consists of quartz, basic plagioclase, 
brown mica and an occasional irregular porphyroblast of pink garnet. Apatite is 
prominent and a well-marked schistosity is developed. 

It is believed that the hornblende-pyroxene-granulites described on pp. 171-2 are 
igneous xenoliths that have been weathered out from the Cooma gneiss. A few that 
have been found enclosed in their host are identical with these. 


2. BASIC AND ULTRABASIC INTRUSIVES. 
(1) Field Occurrence. 


These rocks occur in small irregular or somewhat circular masses either within the 
granitized zones or within the granite-gneiss. The basic type is represented by 
amphibolites that were described in an earlier communication (Joplin, 1939). The ultra- 
basic type is a chlorite-amphibolite. 

Although a note on the amphibolites has already been published, they are included 
here for two reasons. First, they are probably co-magmatic with the Cooma gneiss, and 
secondly, it is necessary to record another occurrence which was not discovered until 
after the publication of the other paper. This rock is identical with the other 
amphibolites and like them occurs within the Cooma gneiss. The outcrop occupied an 
area of 20 x 30 yards on the western side of Cooma Creek gorge in the Temporary 
Common immediately west of Por. 123, Parish of Cooma. 

The main mass of the chlorite-amphibolite crops out at Pine Valley in Por. 70, Parish 
of Binjura and occupies an area of 20 x 15 yards. It is completely surrounded by 
granitized schists, but has itself escaped granitization. Another very small mass has 
been found as an inclusion in the gneiss on the northern bank of Cooma Creek just 
before it turns north into the gorge. Possibly other such inclusions exist. 


(2) Petrography. 
(1) Amphibolites. 
It has been shown that amphibolites consisting almost exclusively of hornblende 
and basic labradorite have been granitized by the addition of quartz and albite. Several 
analyses have been made of these rocks (Joplin, 1939). 


(ii) Chlorite-Amphibolites. 

These rocks have a very simple mineral composition and consist of amphibole, 
chlorite, a little iron ore and sometimes a trace of apatite. One type contains a little 
diopside. It is of interest to note that ultrabasic rocks of very similar constitution occur 
in the Lewisian of Sutherland (Read, 1931, p. 78). 

In the handspecimen the rocks are light brownish-green, very tough, without 
directional structures. Their texture varies from medium to fairly coarse, and under 
the microscope it is obvious that the difference in texture is due mainly to the different 
size and arrangement of the amphibole crystals. 

Chlorite is always interstitial and occurs in large flakes (about 3 mm. across) or 
in radiating masses of bladed crystals (1-5 mm. in length) that form patches about 3 mm. 
across. The mineral is pale green with a birefringence of 0:007, a’ = 1-585, it is optically 
positive with a small optic axial angle. According to Winchell (1927) it is, therefore, 
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a type rich in alumina. Probably the whole of the alumina of the rock is contained in 
this mineral. 

The amphibole occurs in individual crystals about 1:5 mm. in length or, in the fine- 
grained types, as felted masses of small (0°5 mm.) crystals. It appears to consist mainly 
of tremolite, but the composition varies within a single crystal, the core often being 
bluish-green and clouded with brownish material which suggests very finely-divided 
sphene. The outer rim of the amphibole crystal is completely colourless and from this 
border there may be little outgrowths of minute anisotropic needles whose optical 
properties are difficult to determine: in view of the high magnesia content of the rock 
(Table 9, Anal. 1) these may be anthophyllite. 


TABLE 9. 


If A B. C D E 
SiO, 46°36 43-24 46°20 45°63 43°70 46°40 
Al,O3 10°38 7:97 9°16 8°83 11-20 10°80 
Fe,0, 5:68 1:68 O77 4:79 3°90 9°90 
FeO 3:24. 8:22 718} 5-92 6-15 5°60 
MgO 24°69 24°72 28:67 20°30 25°60 22-20 
CaO 5-08 Heals) 13 7°83 7:07 Byers 
Na,O 0-46 0-17 0-40 0-63 0:52 0-30 
k,O 0-05 0-02 abs. 0-34 0-31 1:21 

Bio -O7 oO. 23 
HO + 3°39 6°97 2-48 4-23 ne Sie ats 
H,0 — 0-19 0-04 0-24 0-14 Sf 
TiO, 0:22 0-52 — 1-44 — —_— 
iPsO5 0:03 0-14 tr. —_ — — 
MnO 0:42 0-16 tr. — — — 
COs = 1-44 == = = = 

100-19 LOO: 44 100-18 100-10 101°25 100-18 

Sp. Gr. de ase 2:95 2°94 2-90 3°05 — — 


I. Chlorite-amphibolite. Pine Valley, Por. 70, Par. of Binjura, Cooma, Anal. G. A. Joplin. 

A. Actinolite amphibolite partially chloritized. Schuyler Soapstone Quarry, Virginia, U.S.A. Anal. R. B. Ellestad. 
H. H. Hess. Amer. J. Sci., 26, 1933, 382. 

B. Serpentine rock. Rockwell Intrusion, Broken Hill. Anal. J.C. H. Mingaye. W. R. Browne, Geol. Surv. N.S.W., 
Mem. 8, Appendix 1, 1922, 47. : 

C. Hornblendite. Clemgia, Lower Engadine, Switzerland. Anal. L. Hezner. V. Grubenmann, Btr. G. Kt. Schw., 
1909 235) 22360 Im WT: No: -L. pi 721. : 

D. Hornblende-bronzite peridotite. Bord de l’étang de l’Estagnet, Pyrénées. Anal. A. Pisani. A. Lacroix, Carte 
Geol. France, Bull. 11, 1900, 31. ; 

EK. Micaceous hornblendite. Valée de Valbonne, Pyrénées. Anal. A. Pisani. Ibid. 


Iron ore is very poorly developed and its skeletal growth suggests ilmenite. Apatite 
occurs sporadically, but is never abundant, and diopside has been detected only in one 
rock from Pine Valley. 

A type occurring as an inclusion in the gneiss on Cooma Creek contains large 
crystals of amphibole in which sharply-defined rectangular patches of colourless 
amphibole occur. These are usually surrounded by minute grains of magnetite, the 
colourless amphibole is optically continuous with the amphibole host, and it seems likely 
that the colourless patches represent pseudomorphs after pyroxene. 

Although these rocks occur within the granitized-zone or within the gneiss itself, 
there is no evidence of granitization. 


(3) Nature of the Original Plutonic Rocks. 

It has already been shown (Joplin, 1939) that the amphibolites were probably norites 
or olivine-gabbros. Four analyses of these rocks are plotted on the A-F-C diagram 
(Fig. 5), and it will be seen that they fall on the opposite side of the cordierite-diopside 
conjugation-line from the basic granulites. These evidently represent a different magma- 
type from that which gave rise to the basic flows. 

The field occurrence and chemical composition of the chlorite-amphibolites indicate 
that they are probably small basic intrusions. It was suggested (Joplin, 1939) that they 
might represent gabbros that have suffered dynamic metamorphism, but it is now 
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obvious that they belong to a more basic group which, however, may be magmatically 
related to the normal amphibolites. 

In Table 9 the analysis of a chlorite-amphibolite is compared with analyses of 
ultrabasic rocks, several of which occur in close association with injection-complexes 
(Lacroix, 1900; Browne, 1922). The serpentine from the Rockwell intrusion of Broken 
Hill is chemically comparable, but mineralogically dissimilar to the Cooma rock. Jaquet 
(1894) has described amphibolites from another part of the Broken Hill district, which 
compare mineralogically with, but differ chemically from, the Rockwell serpentine. Dr. 
Browne has lent me slides of rocks from another part of the Rockwell intrusion, however, 
which are almost identical with the Cooma rock, and it would be interesting to know if 
they compare with the serpentine in chemical composition. 

As both basic and ultrabasiec intrusions invade Upper Ordovician sediments and are 
themselves altered by the late Ordovician granite-gneiss, it is likely that they are 
co-magmatic with the gneiss. 


3. MAGMATIC HISTORY. 
(1) Differentiation. 

It has been shown that ultrabasic and basic intrusions preceded the injection of the 
Cooma gneiss, and that these probably invaded the schists after their first stamp of 
metamorphism when stress was waning or no longer operating. As the schists are of 
Upper Ordovician age and Browne (1929) considers that the granite-gneiss was probably 
intruded at the close of the Ordovician, it is likely that the ultrabasic and basic rocks 
are magmatically related to the Cooma gneiss. Further, it has been shown that the 
gneiss always shows evidence of assimilation and that only its acid and more alkaline 
end-phases are free from such phenomena. 

The association of basic and acid rocks and the absence of intermediate types has 
been noted in most metamorphie complexes, but a completely satisfactory explanation is 
not forthcoming. In trying to account for such an association, especially the association 
of dolerite and granophyre and of quartz-dolerite and micropegmatite in younger rocks, 
Nockolds (19384, 1936) and Holmes (1936, 1937) have both discussed “the idea of 
contrasted differentiation”, the former holding that it is due to differentiation and the 
separation of an acid residuum, the latter invoking the aid of assimilation and the 
action of magmatic emanations. 

Nockolds would account for the production of intermediate rock-types by interaction 
between the two extreme differentiates after contrasted differentiation had taken place. 
If such an explanation were accepted, it would not be difficult to account for the absence 
of intermediate rocks among the old folded complexes, where compressional forces might 
have been responsible for squeezing out the acid liquid fraction and so separating the 
two contrasted differentiates before hybridization could take place. 

On the other hand, it may be significant that the Cooma gneiss is a contaminated 
rock. Whether this is a genetic characteristic or whether it is merely an accidental 
feature due to the picking up of material by a separate acid magma or partial magma, 
it is at present impossible to say. Holmes (1937) considers that the assimilation of the 
country-rock is brought about by fusion and transfusion, and so far as Cooma is 
concerned, evidence of transfusion, of the operation of magmatic emanations and of 
the presence of a felspathic residuum is by no means lacking. : 

Whatever the origin of the acid magma may be, however, there is little doubt that 
differentiation accounted for the various late acid and somewhat alkaline phases. 

The relative age of the two types of normal gneiss is unknown. The plagioclase 
variety, occurring in the town, appears to be entirely surrounded by the other type, 
and field relations are difficult to determine. On the evidence of other magmatic-series, 
particularly of those having trondhjemitic affinities, the normal sequence seems to be 
the crystallization of a micaceous variety and the storing up of soda in the magma, 
followed by the precipitation of this soda in a late plagioclase-rich phase. 

The pegmatites invade the gneiss and there is evidence that they were intruded 
betore compression had entirely ceased. These are albitized and the occurrence of an 
albitized phase on the western margin of the normal gneiss, as well as the presence of 
albite in the granitized schist to the west, suggests a squeezing out of soda solutions 
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during the final decline of stress. The injection of small veins of quartz-andesine 
composition during a time of tension (Joplin, 1939) marks the last phase of differentia- 
tion. Thus there have been two fluctuations in the potash and soda concentrations of 
the magma during its final cooling history. 


(2) Assimilation. 

Contamination is a characteristic of the Cooma gneiss. From a study of the 
granitized aluminous pelites it is obvious that the andalusite-quartz-biotite assemblage 
is the stable one under magmatic conditions. Although sillimanite and other xenocrystal 
material sometimes occurs in the granite-gness, it is in unstable equilibrium. 

Hybridization is of limited occurrence in the vicinity of the amphibolite. The 
original plagioclase of the basic rock has been completely silicified or converted into 
oligioclase-andesine, and potash from the acid magma has converted original hornblende 
into sepia biotite. In the case of the amphibolite-pegmatite hybrid, there has been 
sufficient potash available to deposit microcline as well. 


VI. MereTaMoRPHIC UNCONFORMITY. 

In the Highlands of Scotland the normal sequence of regional metamorphism includes 
an almandine and a cyanite zone between the biotite and sillimanite zones. These are 
missing at Cooma. 

It has been shown that the sillimanite-zone is included within that area mapped as 

the permeation-zone, but that a contact-zone in which andalusite is the stable aluminium 
silicate, is also present. Andalusite does not appear in the normal Highland sequence, 
and when it occurs with cordierite elsewhere, as in Banffshire and Aberdeenshire, Harker 
(1932) regards it as indicative of a deficient shearing stress. Moreover, he considers 
that both almandine and cyanite are stress minerals. Their absence at Cooma, coupled 
with the presence of andalusite, indicate that stress conditions never reached a maximum. 
The presence of biotite in rocks still showing a clastic structure is regarded by Harker 
as a further indication that temperatures were high and stress comparatively low. 
Conditions at Cooma, however, were not typically those of normal thermal 
metamorphism, hence a contact-zone was developed about the gneiss, and though no true 
hornfelses occur and the earlier schistosity is still preserved, such high temperature 
minerals as andalusite and cordierite are developed. 

In discussing the distinctions between the synchronous and subsequent bathyliths 
(Billings, 1928; Browne, 1931a) have enumerated certain characteristics of each. Except 
for the presence of its thermal aureole, Cooma typifies the first and this slight deviation 
from type may mean that the Ordovician movements were not of such intensity as those 
of Pre-Cambrian time and that there was a deficiency of shearing stress. 

The relation of the zones of regional metamorphism to those of granitization and to 
the injection body is obscure... The southerly extension of the metamorphic zones is 
unfortunately overlain by basalts, but except for local irregularities in the Parishes of 
Jillamatong and Murrumbucka their boundaries appear to be parallel to the contact- 
aureole of the gneiss. Furthermore, the time interval between the formation of the lower 
grade schists and that of the granitized schists could not have been very great, for 
Upper Ordovician graptolites are found in the less altered rocks, and on the east the 
granitized rocks appear to be overlain by Upper Silurian Beds. From this it has been 
deduced (Browne, 1929) that the Cooma gneiss was intruded before Upper Silurian Time 
and probably at the close of the Ordovician. The relation between the lower grade zones 
and the granitized sillimanite-zone, therefore, brings up the vexed question of the 
relation between regional metamorphism and igneous intrusion. 

Daubré (1862) first employed the term ‘regional’, but recognized the association of 
gneisses with the crystalline schists, and later Rosenbusch (1910) and others regarded 
regional metamorphism as identical with dynamic metamorphism, and any association 
of igneous material was thought to be fortuitous. After reviewing the various definitions 
of metamorphism, Daly (1917) defined regional as a type not associated with igneous 
intrusion as opposed to contact metamorphism which is associated. Tilley (1925) and 
Harker (1932) are of the same opinion, yet Barrow (1883), in first distinguishing the 
zones which are now accepted as the normal sequence of regional metamorphism, 
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regarded them as gigantic contact-aureoles about the Older granites of the Scottish 
Highlands. Read (1940) has recently discussed the question and although he will admit 
only that regional can mean metamorphism of a great regional tract of country, he leans 
towards the earlier view of Barrow. 

In the type localities of the Scottish Highlands the sillimanite-zone is injected by 
granite-gneiss and much granitized by pegmatitic material. Those who would dissociate 
regional metamorphism from igneous intrusion regard these masses of Older granite as 
incidents consequential upon the deep burial of the sillimanite-zone, and it is difficult to 
refute this argument, unless it can be shown that grade of metamorphism is not a 
function of depth, that the zones are concentric about the gneiss or that the sillimanite- 
zone is in part the result of granitization. 

Read (1940), quoting various British examples, regards the sillimanite-zone as 
intimately related to migmatic injection, and thus argues in favour of the association 
of regional metamorphism and igneous injection. 

So far as Cooma is concerned, the permeation-zone is essentially similar to the 
sillimanite-zone of the Highlands, except that cordierite and andalusite are also present. 


VII. Tectonic and Magmatic History. 

There is no doubt that the granitized zones and the andalusite- or thermal-zone 
together form a contact-aureole about the Cooma gneiss, but the relation of the biotite 
and chlorite zones to the igneous mass is somewhat obscure. There is evidence that 
contact metamorphism has been superimposed upon the earlier schistosity, indicating a 
time lapse between the two types of metamorphism, but they obviously belong to the 
same diastrophic epoch, as the schists are of Upper Ordovician age and the granite-gneiss 
is pre-Upper Silurian. 

This period of diastrophism seems to have been ushered in by the folding of the 
country-rocks under conditions of medium compression and shearing stress. Chlorite 
and biotite schists were thereby formed, but shearing stress was not great enough to 
raise them beyond the biotite-grade. 

Compression and shearing stress then declined and ultrabasic and basic magmas 
invaded the schists. These were followed by a slow upward movement of acid magnia 
(Cooma gneiss), and the schists were raised to a high temperature. Contact 
metamorphism was thus superimposed upon the schists. This was strong enough to 
produce mineralogical changes such as the development of andalusite and cordierite, 
but not strong enough to stamp out the earlier schistosity and give rise to hornfels-_ 
structures. 

The upward movement of the acid magma continued now with strong local 
compression. The temperature was at a maximum, and in the immediate vicinity of the 
uprising magma the schists were raised to the sillimanite-zone. The magma was 
emplaced under a force strong enough to produce some primary gneissic banding, 
lit-par-lit injection and the rifting off of orientated xenoliths. 

In discussing the differentiation of the Cooma gneiss magma, two fluctuations in the 
potash and soda concentrations were noted, but it is difficult to say which soda-maximum 
was responsible for the albitization and granitization of the schists within the 
permeation-zone. If the first albite concentrate was responsible, permeation probably 
took place slightly in advance of the emplacement of the magma and before the formation 
of the injection-zone. If the second albite concentrate was the one responsible for the 
permeation, then this took place after the separation of the pegmatite and the formation 
of the injection-zone. The second phase of albitization seems to be the more likely. 

A waning of compression seems to have followed the emplacement of the gneiss and 
lit-par-lit injection, for the gneiss is usually massive, but the orientation of the larger 
pegmatite dykes and their internal evidence of post-consolidation stress suggest a 
slight renewal of compressional force. The permeation-gneisses were probably formed 
at about this time. Finally, the quartz-plagioclase veins were injected during a time of 
tension. 

VIII. SumMary. 

It has been shown that the Ordovician rocks at Cooma may be divided into two 

units—the upper or Coolringdon Beds consisting of sandstones and siliceous slates, and 
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the lower or Binjura Beds which consisted originally of sandstones, aluminous shales, 
tuffaceous sandstones and small basalt flows. The Binjura Beds have been invaded by 
small ultrabasic and basic masses and finally by a mass of granite-gneiss which has 
been responsible for their partial granitization. 

Various zones of metamorphism have been traced in the non-granitized country- 
rocks and two granitized zones, an outer permeation-zone and an inner injection-zone, 


may be recognized. 
Finally, the magmatic and tectonic histories of the area have been briefly discussed. 
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MISCELLANEOUS NOTES ON AUSTRALIAN DIPTERA. IX. 
SUPERFAMILY ASILOIDEA. 
By G. H. Harpy. 
[Read 22nd July, 1942.] 


The superfamily Asiloidea may be distinguished by the fact that the claspers on 


the male are either hinged to their support so as to swing in the vertical plane, or fused 
to their support with the apex pointing upwards. In Tabanoidea, and Nematocera, 
which also have the primitive type of claspers, these are hinged to swing horizontally, 
or within 45 degrees: of that plane. The terminalia may further be used to separate 
families within the Asiloidea as follows: 


i, 


6. 


Key to Families of the Asiloidea. 


Supports of the claspers fused together along the median line, shielding the aedeagus from 
below, the claspers swinging at the apex of this combined unit. Ventral lamella absent 
but the dorsal one is divided and flanking the anal papilla thus: (O), the ‘“O” repre- 
senting the papilla and the parentheses forming the divided lamella, viewed from the 
rear. On the female, acanthophorites with their spines (rarely absent) fused to the 
apical tergite. The latter, on the male, is indented with the proctiger lying just below. 
Aedeagus without an armature and the median plate is often present ................ 
EE TR aac domed oe ae oUekohelienensu at Stonaiieys iehshe sel ceeersPkeNen eres oeieueieltie aos BOMBYLIIDAE 

Supports of the claspers normal and more laterally placed. Ventral lamella usually present 
and the upper is usually divided. The lamellae take the following positions: 


Vein at apex of second basal cell absent so that the cell is confluent with the median. 
Combined with this, it is necessary to note that no more than three branches occur in 
the radial field and two in the median field. Acanthophorites absent or at most 
vestigial, and in cases that do not conform in these characters, the cerci are present 
OME TINA Cotes trocar See ieee ek Sie Seaolie OTe eu sli shee eu(oTea) Roe abel cots reueieuele lous elena anehentue DOLICHOPODIDAE 

Vein at apex of second basal cell present, separating it from the median cell. If not, then 
more branches occur in the radial and/or median fields, and failing this the acantho- 
phorites are distinct on the female. No cerci detected .......... 0.0.0... ee eee 3 

Venation usually. greatly reduced in the cubital and anal fields, and the female is never 
with acanthophorites. The radial field normally has three branches, or if four are 
present, the cubital vein is strongly recurrent, which is a character typical of the 
ERVIN Seer epee coset al cic MM cUichroyrs ac eone cen cost e cine favre) castrate Susie: 6 Sisuarter aisle da euadbueyananepenede rate ei EXMPIDIDAB 

Venation normal in anal and cubital fields, or, if not, the radial field has four branches and 
acanthophorites are present on the female in cases that do not conform .......... 4 


Acanthophorites fused together with a ridge along the median line. Venation rather 
COMP Oxy a etarsken ses vce vorsian svoneleneis sec sla ene etten wea we dm aatiacea Ne iepeneSetiotowabolerone sist steronataie (lene tne Gisnatlons bie 5 


Acanthophorites, when developed, always separated and the ridge usually absent ...... 6 
Antennae with four segments, the second small. Ocelli absent ................ MYDAIDAE 
Antennae with three segments. Ocelli present ............. 00 cece eee eevee APIOCERIDAE 
Cubital vein strongly bowed; four branches in the radial field and two in the median. 

NGanthophoritesmal Sem tye eeesnce veil sechsiers cosnenetcustenel icnekcudsar se ayciapessteel eine) cater siete SCENOPINIDAE 
Cubitaleveinwstraishtsorwpracticalll yay Soma atoicto crekey a ale leo ee ore ol clieicusl eokuclieins oielicualecee select etnies 7 


Summit of head excavated between eyes and the moustache present, rarely otherwise. 
Acanthophorites often present, frequently vestigial and sometimes absent. Terminalia 
very variable in form and supplementary spines sometimes present .......... ASILIDAER 

Summit of head not, or scarcely, excavated between eyes and the moustache absent. Unless 
Clesthenia belongs here, the terminalia of female are always of the one form with 
acanthophorites present as well as supplementary spines .................. THEREVIDAE 


Family ASILIDAR. 
Key to Tribes and some Groups of Dasypogoninae: Females. 
Ninth tergite not modified and without signs of acanthophorites. Supplementary spines 


DUOSINE oGsbonooomanoobN ou dD Mop CUS oO ODOU dA Domo o oD uado ob Doo UpO a om Hts 0G: 0 B1010 b.0 PHELLINI 
Ninth tergite modified and the acanthophorites represented at least by vestiges 2 
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2; Acanthophorites: completern sivas ton sone ec ceeds Rel ital are ee ene tel eee nie a eon Cro ICH Ar Ree SRO eee 3 
Acanthophorites vestigial, being entirely without spines ................. CHRYSOPOGONINI 
Median plate primitive in structure, though partly broken down to membrane; it is divided 
transversely and when at rest the two halves fold one upon the other, and open (as a 
book opens) when the acanthophorites are exserted ......:........ BRACHYRRHOPALINI 
Median plate not so folded, and if divided transversely then also it is divided longitudinally, 
making four parts; usually it is in two longitudinally divided parts or absent ...... 


wo 


PRAT easter CLO Aiea he Li OR aac e AcnarC OTE AO eos eRA Okc OS Hoakcl OFS ora ornanaookaNa SAROPOGONINI ...... 4 

4. Dorsal ridge between acanthophorites present. Median plate in four parts ............ 5 
Dorsal ridge absent; median plate in two parts or absent ................... other groups 

5. Genital groove without chitin; ventral lamella membraneous .......... Bathypogon-group 
Genital groove with chitin; ventral lamella chitinous .................. Stenopogon-group 


STENOPOGON DURVILLEI Macquart. 


Proctacanthus durvillei Macquart, Dipt. exot., i (2), 1838, 121; Walker, List Dipt. 
Brit. Mus., vii, suppl. 3, 1855, 654; Ricardo, Ann. Mag. Nat. ELUSE ACS) 0 Xs el Oil oe Alii 
White, Proc. Roy. Soc. Tasm., 1915, 172. Stenopogon fraternum Bigot, Ann. Soc. ent. F'., 
(5) viii, 1878, 421; Hardy, Ann. Mag. Nat. Hist., (10) xiv, 1934, 14 (which see for further 
synonymy and references). 

Synonymy.—Although Ricardo re-described the type which is in very bad preserva- 
tion, recorded from Jervis Bay, New South Wales, the generic position was left unknown. 
Its wingless state evidently led Macquart to place it in his genus Proctacanthus as it had 
a very narrow frons and spines on the ovipositor. These two characters, however, suggest 
Stenopogon, another species of which was placed in Proctacanthus by Thomson, notwith- 
standing the disagreement in venation. The recorded characters of the type conform to 
those ot Stenopogon fraternum Bigot which name thus becomes a synonym. 


STENOPOGON SPILOGASTER Thomson. 


Proctacanthus spilogaster Thomson, Hugenies Resa, Dipt., 1869, 469; Ricardo, Ann. 
Mag. Nat. Hist., (8) xi, 1913, 418. 

All Thomson’s species of Diptera were captured in Sydney, between 22nd and 31st 
October, 1852. P. spilogaster, a female, which was compared with P. durvillei, has the 
wing cells open, about 10 spines on the ovipositor, attenuated conical abdomen and no 
mention of the tibial spur, which is missing in the present genus. These characters 
make the generic position assured and it seems that S. flavipennis White is the known 
species best fitting the description, but may not be the same. 


Key to Genera of the Neosaropogon-group. 


1 IWAth the tibial: spur pPreESem ty 25 arene ences steuss theme! to avafeepeuiccain hau artes hav aeRe Ne cia Ro nenen Des canon ste g eboney iemels 2 
Without, the stibial (Spur csi or tstecuecs, sions cere ters lousce apes var oeiercloncusr seer eae cne rene enone Neodioctria Ricardo 

2. Male with only seven abdominal segments visible; abdomen club-formed .................. 
ER CN STR eR CT ICT ERM EIN Chars eh eA HHI oe eu erent eerie leony Bay eaet TSE Austrosaropogon Hardy 
Maleswith eight abdominallsesimentss presenta scree clecicicnerciciiceereisicneienc iene nes aan encie tenors a 
Antennae short, the two apical segments combined being only as long as the basal ones 
ide GAG mys tahi Gyatious Tees e-aAa) ta toneaes Baayen ahaha site clas oaei eaascnewarel oy ameieushenetelin secteeseueme bse aici Gens erase oe 
Antennae normal, the apical segment being at least as long as the two basal ones combined 
SERN Stouts comets oe wae SE, PoE RUSTE Ya TE Uier Re vere Mier waraa renee blanen came er cole rea igs obras Zonieha oars) Sede Meare cAI RECE Ve tment an Aa eee Re ee Rem 4 

4. Abdomen strongly club-formed, the face exceedingly swollen and without definite tubercle ; 
Mmoustacherconfined tonOTalem arsine er tenance ne nena neni Neocyrtopogon Ricardo 

Face with the normal tubercle, or if swollen the abdomen not club-formed .............. 
Lease cg Nealon Shatesn lato dee, Shara a soo! ACG Oren oie sree Wet Tease silos oB ae Bee aets oS MRTeIESa epee aie oa ite Neosaropogon Ricardo 


(eM) 


NEOSAROPOGON DISSIMILIS Hardy. 

Dasypogon nitidus Macquart, Dipt. exot., suppl. 1, 1846, 61; preoccupied by 
Wiedemann 1830. Brachyrrhopala nitidus var. dissimilis Hardy, Proc. Roy. Soc. Tasm., 
1916; 271 

Macquart’s name is homonymous with that of Wiedemann in Auwss. 2weifl. Ins., ii, 
1830, p. 648. The so-called variety dissimilis is to be regarded as an abnormality as more 
material from the type locality (Mt. Wellington) shows the species there to be quite 
normal. 

Genus RHACHIOPOGON Ricardo. 

Under this genus stand some specific names unrecognized, and three of them are 

homonyms. 
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Dasypogon luctuosus Macquart, Dipt. exot., i (2), 1838, p. 39, is preoccupied by that 
of Meigen, Syst. Besch. zweifl. Ins., i, 1828, p. 402. 

Dasypogon nigripennis Macquart, Dipt. exot., suppl. 3, 1848, p. 20, is preoccupied by 
that of Meigen, Syst. Besch. zweifl. Ins., 1820, p. 278. 

Dasypogon albonotatus Macquart, Dipt. exot., suppl. 2, 1847, p. 33, is preoccupied by 
that of Wiedemann, Auwss. 2zweifl. Ins., i, 1828, p. 402, and which was transferred to the 
genus from Dioctria, 


RHACHIOPOGON RUBESCENS White. 


Saropogon rubescens White, Proc, Roy. Soc. Tasm., 1913, 271. 

In Kertesz’ Catalogus Dipterorum is the reference: “rubescens Bell., Saggio di 
Ditterol. Messio. ii. 1861, 71 (Dasypogon—Saropogon)”. This work has not been seen 
by me and if Saropogon reported there is the name that covers rubescens Bell., then 
White’s name becomes a homonym. 


Genus XENOMyYzZA Wiedemann. 

The species Damalis fuscipennis Macquart, Dipt. exot., suppl. 1, 1844, p. 95, must 
be erroneously placed if it be Australian, and the use of the generic name seems invalid, 
for the following reason: Damalis Fabricius, Syst. Antl., 1805, p. 147, contained four 
species, the types of which Wiedemann examined and recorded the family status: 


1. curvipes from! SouthwAmerica 92. 4.0 2.2. 22 Hmpididae 
2. planiceps » India i) Se eee sie gee, AStlidae 
3. quadricincta ,, South America .. .. .. .. .. Hmpididae 
4. myops »  sumatra Asilidae 


Xenomyza Wiedemann, Zool. Mag., i, 1817, p. 60, was based upon the two Asilids, 
leaving the Empids tacitly in the genus Damalis. Coquillett in 1910 proposed 
D. planiceps as the type. 

Damalis Wiedemann, Auss. zweifl. Ins., i, 1828, p. 415, quite ignoring Xenomyza, 
brings back the two Asilids, and places the two Empids under Hybos. 

Damalis Westwood, Ann. Soc. ent. Fr., 1835, p. 685, makes D. curvipes the genotype 
quite in alignment with Wiedemann’s first move, and proposes Chalcidomorpha for 
species that correspond to Xenomyza, which name was apparently overlooked. 

There are, therefore, (a) Wiedemann 1817, making Damalis an Empid; (Db) 
Wiedemann 1828, making Damalis an Asilid; and (c) Westwood 1835, making Damalis 
a valid generic name for Empididae by proposing a genotype. In addition, Coquillett, 
Proc. U.S. Nat. Mus., xxxvii, 1910, p. 530, pointed out that Xenomyza should be 
substituted for Damalis of the American authors, but this amendment has not been 
adopted nor yet, apparently, has Damalis Fab. been incorporated within the Empididae 
by any author. 


Genus LEPTOGASTER Meigen. 


In the key given below, all the species known to me as occurring between southern 
Queensland and Tasmania inclusive, and the single species from Western Australia, are 
isolated on characters worked out by aid of the terminalia of the male. Owing to 
difficulties in handling the types in Europe, the identity of these remains somewhat 
obscure and hence three specific names applied in Australia may not be correct; they 
are marked with a query in the key. In other respects the synonymy and identity of 
species are now assured for the whole genus. 


Key to Species of Australian Leptogaster. 
1. Male terminalia with simple upper forceps ending in a point (pedaniuws-group) ........ 3 
Male terminalia with a broad short process containing long strong bristles (Hardy, Av. 
Mag. Nat. Hist., (10) xvi, 1935, p. 164, fig. 17). The upper forceps extend beyond the 
process, and beyond this again, the tips of the claspers are exposed. MDorsally the 
thorax is brown with a pair of very thin light stripes. The posterior femora invariably 


have black apical bands. (Western Australia, Queensland.) ....... occidentalis White 
Male terminalia with a ventral process on the upper forceps. Yellow or yellow-brown 
STE CIOS Maiitec res eiey sa ete cae Bap Ieee ea S Le ON naa es ees eerrtge Tite ae aetaw aver ereache cabins eter shiaes’ asetans Wveve oe ahe 2 


2. Upper forceps with the ventral process broad (Hardy, 1935, fig. 18). Thorax with three 
DlackwStripess saGNie ws sSOuthaiVVia@lESs)eurcsencmerstcly scustaielcuensieteleuctale cuceicie sueiedels tillyardi Hardy 


200 MISCELLANEOUS NOTES ON AUSTRALIAN DIPTERA. IX, 


Upper forceps with the ventral process narrow. Thorax dorsally highly polished black 
bordered by a pulverulent overlay. (Queensland.) ..............-.-..202eeeeaes sp.* 

3. Metatarsus of the hind legs very short (Hardy, 19385, fig. 19). Thorax with a pair of very 
short stripes on hump, but this character may not be consistent. (Queensland. ) 
Sey are ROR e ORCC Ene ree ure ana ani Pe Merah tat strlne Bech. otoraioen One cae hoe brevitarsis Hardy 
Metatarsus normal, long. Thorax otherwise marked ...................2.+eee+seeeees 4 

4. The hump unusually prominent on thorax, which has three black highly polished stripes. 
Cd BEZHH oath oUF: Fm) REN CaS ve eter eer CEN ere cee PANT oes aha es Galata th en cid Geer ONG 0.6/'d.6.G whitei Hardy 

Hump on thorax normally developed, and if three black stripes occur, these are dull ... 5 

5. Post-ocular bristles unusually long and black, strongly contrasting with those of other 
species. Three broad brown stripes very consistently present on thorax. (New 

South, Wales..and’ Queensland: iiss sic asic cnciene see loieines ease eters ? bancrofti Ricardo 
Post-ocular bristles normal to weak, frequently with white ones mixed with black ..... 6 

6. Post-ocular bristles generally black. Thorax brown with three stripes always discernible, 
the central one divided longitudinally, but sometimes obscurely so. (Tasmania and 


probably Victorias) 205 ecg eeeio eae gctenwes es lente pen cyers GUSTRICES ieee Nee a eran Cease antipoda Bigot 
Post-ocular bristles invariably white in the main. Central stripe of thorax, if present, 
MOE LAIVIGER! ise a he RS ee RES cite ear ate CGA GULP aE ae cleus bs on ne ccelh een eM oes Reiaateo eee ie 7 


7. Tasmanian species. Thorax normally brown but may be abraded and show stripes ...... 
Rati Tectalsanic Weclates is} SRST ay ict e POUNC LAT GE Helge MONAT ONT FS ERMA aLe ee CHS RUST TCR neo I IC aon er Raat ee aestiva White 


Mainland: ‘SPeCles ns xia citesse mccs ale cosusbrcuera cu cjetsmelen spews hostanee. eter ewelle SN en ame Siam el canptee sworn) ou eeton eis meme ytoten lees 8 
8. Larger average size with relatively a wider face. (New South Wales and probably 
Ai (a1 0) oe: a) Ieee Pee Nene nen semis ees mt ore aise san oh eer oar en Gc OF ? geniculatus Macquart 


Smaller average size with relatively a narrower face. (New South Wales and Queensland. ) 
eal oy Susat soisiea Mevfodecio: hetero ates tsa euecop ia sa rtalra: ce ta sllaal awa et eu ey open Ret eae ae ney Leman es Pen vate se eee ? pedanius Walker 


OMMATIUS COERAEBUS Walker. 
Walker, List Dipt. Brit. Mus., ii, 1849, 473. O. angustiventris Macquart, Dipt. exot., 
suppl. 4, 1850, 89. 
Macquart’s name is usually adopted, but dates of publication show that Walker’s 
name has priority, and it should be used. 


NEOARATUS RUFIVENTRIS Macquart. 
Asilus rufiventris Macquart, Dipt. exot., i, 1838, 144. Hrax plantaris Thomson, 
Hugenies Resa, Dipt., 1869, 468. 
New synonymy.—There can be little doubt that Thomson’s name applies to the 
present species and falls to synonymy. 


NEOARATUS REGIUS Jaennicke. _ tg 

Asilus regius Jaennicke, Abh. senckenb. naturf. Ges., vi, 1867, 364. Asilus aureus 
White, Proc. Roy. Soc. Tasm., 1917, 90; preoccupied. 

White’s name has been standing as a probable synonym of N. regius Jaen., and 
further, it cannot be used as it is preoccupied by Olivier, Hncycl. Method., iv, 1789, 
p. 272, and again by Fabricius, Hnt. syst., iv, 1794, p. 368. The retention of Fabricius’ 
name in Laphria aurea seems to be invalid though still standing in literature (see Engel 
in Lindner’s Die Fliegen der palaearktischen Region, Vol. 24, Asilidae, 1923-30, p. 214). 


Genus TRICHOITAMUS White. 


Trichoitamus White, Proc. Roy. Soc. Tasm., 1917, 91. Cerdistus Hardy, Ann. Mag. 
Nat. Hist., (10) xvi, 1935, 405 (which see for further references and synonymy). 

Definition—From Asilus, sensu lato, which includes Cerdistus Loew, this genus 
differs by having the prosternum separated from the pronotum, a broad area of membrane 
coming between; the ovipositor is strongly compressed, at least ventrally, with the normal 
compact proctiger consisting of the divided upper lamella and the ventral one, in cross 
section forming three sides of a triangle around the anal papilla. The eighth sternite 
on the female is slightly divided by an incision which does not form a line of articula- 
tion. A similar incision on Neoaratus marks a point of articulation, but here the 


*It is possible that L. australis Ricardo may be this species or come near it. The ventral 
process is sometimes difficult to see. Ricardo refers to the thorax as having grey tomentum 
bordering the black stripe, which does not reach the posterior border, and the present species 
could be similarly described. My knowledge of the north Queensland Leptogaster. spp. is not 
adequate enough for me to do more than make this suggestion. 
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ovipositor is depressed. Neocerdistus differs by having the proctiger reduced showing 
only two spine-like projections. 

In his attempt to make three genera out of the present one, White depended upon 
characters that were not adequate enough, and also, he failed to find characters that 
would enable the genus to be isolated from Cerdistus and other European genera. 
Through the distinctive difference in the prothorax, it now seems that the genus differs 
entirely from the allied fauna throughout the world except in the Oriental and 
Australian regions. 

Twenty species named in Australian collections need to be referred to this genus, 
hitherto standing as Cerdistus, and two further names need amendment, as follows: 

Asilus armatus and A. laticornis Macquart 1844; Hrax varimystaceus and 
E. fuscipennis Macquart 1847; Asilus mistipes, A. fulvipubescens and A. vittipes 
Macquart 1849; Asilus margites, A. maricus and A. rudis Walker 1849, 1851 and 1855 
respectively; Neoitamus gibbonsi Ricardo 1913; Neoitamus flavicinctus and N. maculatus 
White 1913; Rhabdotoitamus lautus and R. volaticus White 1917; Neoitamus setosus and 
N. maculatoides Hardy 1920; Cerdistus rusticanoides Hardy 1926; Cerdistus separatus 
and ©. prostratus Hardy 1935. 


TRICHOITAMUS NEOCLARIPES Hardy. 


Asilus cognatus Macquart, Dipt. exot., suppl. 4, 1850, 94; preoccupied by Loew 1849. 
Neoitamus neoclaripes Hardy, Proc. Linn. Soc. N.S.W., xlvi, 1921, 295. 

Macquart’s name appeared on two prior occasions, first in Stephens’ Cat. Brit. Ins., 
1829, p. 258 (nomen nudum) and then in Loew’s Europaischen Raubfliiegen (Linn. Ent. 
Stett., iii), 1849, p. 143. 


TRICHOITAMUS LUCTIFICUS Walker. 


Asilus fraternus Macquart, Dipt. exot., suppl. 1, 1844, 91; preoccupied by Wiedemann 
1819. Asilus luctificus Walker, Ins. Saund., Dipt. i, 1851, 144. 
Wiedemann, Zool. Mag., iii, 1819, p. 33, used the name given later by Macquart. 


Family MypDaAIDAE. 


My paper on Australian Mydaidae in these Procerpines (1, 1925, pp. 139-144), 
brought a letter from the late Major E. E. Austen, with corrections needed, and was 
used by Dr. I. M. Mackerras when describing further species in these PROCEEDINGS 
(iii, 1928, pp. 589-543). The following notes add further data and corrections. 


Key to Genera of Australian Mydaidae. 


1. With the apex of all radial veins meeting together before reaching the wing margin. With 
the first and second median veins reaching the wing margin separately .......... 2 
With the apex of the fifth radial vein reaching the wing margin separately from the rest 
of the radial complex. With the first and second median veins united for their whole 
length, so that only one vein is apparent in this part of the median field. Genotype: 
M. cardinalis Gerst., designated by Hardy, 1925 ................. Miltinus Gerstaecker 
Antennae with the third segment short, not much longer than the first and second combined. 
Genotype: D. mitis Gerst., designated by Hardy, 1925 ......... Diochlistus Gerstaecker 
Antennae with the third segment long, several times longer than the first and second 
COMDEN COR aya tee cnicce eerie se iaeoaen als trauma ae peu Used a Gumuns aan bebe aaa oe nsect Atmore rc eeed ais 3 
With fourth and fifth radial veins meeting some distance before they reach the rest of the 
radial complex. Mainly bright yellow in colour and with opaque yellow wings that are 
hyaline only along the apical margin. Genotype: Mydas aureipennis Westw. by present 
COKSYSH FES neath 8 Voy al? oer oeanen Chasity eas craeieeer gaan ug sesee eh ari causes oem er. Coa aan Darore rea Triclonus Gerstaecker 
With the fourth and fifth radial veins meeting the rest of the radial complex separately, or 
occasionally meeting at a point where they meet the rest of the complex. Black with 
much less yellow, and with transparent wings clouded brownish. Genotype: Mydas 
clavata Macq. (= Cephalocera gracilis Macq.) by present designation ................ 
Rare MEN ORIN cor Cn on aver ee hee Grane fan. ‘be teseceseeseus.... Harmophana Thomson 


bo 


(oe) 


Genus Diocnuistus Gerstaecker. 
Gerstaecker, Hnt. Ztg., Stettin, xxix, 1868, 73; Hardy, Proc. Linn. Soc. N.S.W., 1, 
1925, 140. Triclonus Gerstaecker, Ent. Ztg., Stettin, xxix, 1868, 75. Harmophana 
Thomson, Hugenies Resa, Dipt., 1869, 462. 


202 MISCELLANEOUS NOTES ON AUSTRALIAN DIPTERA. IX, 


Three of the four proposed genera are regarded as being congeneric, but all have a 
certain obvious group value. One species, D. aureipennis Westwood, is not only the most 
primitive in colouration, but also has its “metapleura” of the same tuberculate form as 
that found on two genera of the Apioceridae. Other species have this area either flat or 
occasionally slightly raised above the normal. The following references disentangle the 
confusion in references standing as one species in my first paper; both belong to the 
Harmophana-group. 

DIOCHLISTUS GRACILIS Macquart. 

Cephalocera gracilis Macquart, Dipt. exot., suppl. 2, 1847, 32; Pl. 1, f. 5; Walker, 
List Dipt. Brit. Mus., vi, suppl. 2, 1854, 376. Mydas bispinifer Westwood, Trans. ent. Soc. 
Lond., v, 1848, 88; Pl. 18, f. 2. Walker, List Dipt. Brit. Mus., vi, suppl. 2, 1854, 370. 
Triclonus bispinifer Gerstaecker, Ent. Ztg., Stettin, xxix, 1868, 75; Williston, Kans. 
Univ. Quart., i, 1893, 154; Pl. 10, f. 10. Mydas clavata Macquart, Dipt. exot., suppl. 4, 
1850, 59; Pl. 4, f. 5. Harmophana clavata Thomson, Hugenies Resa, Dipt., 1869, 463; 
Pl. 9, f. 5. Mydas gracilis Jaennicke, Abh. senckenb. naturf. Ges., vi, 1867, 353; Pl. 43, 
f. 12; preoccupied by Macquart 1834. Mydas macquarti Schiner, Reise Novara, Dipt., 
1868, 153. Hutton, N.Z. Dipt., 1881, 31. 

Macquart in Suite a Buffon, 1834, p. 274, previously used the name which was given 
by Jaennicke. 


DIOCHLISTUS MELLEIPENNIS Westwood. 


Mydas melleipennis Westwood, Trans. ent. Soc. Lond., v, 1848, 87; Pl. 13, f. 1; 
Walker, List Dipt. Brit. Mus., vi, suppl. 2, 1854, 369. Tvriclonus melleipennis Gerstaecker, 
Ent. Ztg., Stettin, xxix, 1868, 75. Dioclistus melleipennis Mackerras, Proc. LINN. Soc. 
N.S.W., liii, 1928, 540. Mydas effracta Walker, Trans. ent. Soc. Lond., iv, 1857, 126. 
Triclonus effractus Gerstaecker, Ent. Ztg., Stettin, xxix, 1868, 76. Mydas claviger Walker, 
List Dipt. Brit. Mus., i, 1848, 229 (clavigera) and iv, 1849, 1153. Miltinus claviger 
Gerstaecker, Ent. Ztg., Stettin, xxix, 1868, 90. Harmophana flavipes Thomson, Hugenies 
Resa, Dipt., 1869, 463. sil 

Walker corrected his name clavigera to claviger, which subsequent authors have 
used, except Mackerras, who reverted to the original spelling; in my original paper 
the name was placed under Miltinus sordidus Westw. following Gerstaecker, but according 
to Austen the type belongs here. 


Family SCENOPINIDAE. 
SCENOPINUS PERKINSI, Nn. sp. 


9. In life the eyes appear black, but close examination shows them to have a 
reddish tinge and there are no indications whatever of markings. MHair-pits occupy 
the whole of the frons, the eye-margins being separated only by a line, and there is 
also a similar median shining line very slightly raised and interrupted by a median 
depression in the form of a circular pit at two-thirds its length. Near the eye-margins, 
the frons is slightly sunken. The post-ocular border is linear, no flange being developed 
there. 

The whole of the body is black, but brown occurs on the antennae, tibiae and tarsi, 
whilst faint indications of brown may also occur on the femora; in other respects the fly 
is quite typical of the genus. Length: 4 to 5 mm. 

The species differs from S. civiculus Hardy, the only other known species in 
Australia, by its much smaller size, lack of the post-ocular flange and very much 
narrower frons. No males belonging to this genus have been discovered in any Australian 
collection. 

Hab.—Queensland: A series of females was collected in Brisbane, mostly by Mr. 
F. A. Perkins, from the windows of the University’s Entomological Laboratory. It seems 
to be mainly a spring and summer species, as the collection dates show it to occur 
during most of these months, over several successive years. 


Family BoMBYLIIDAE. 
Dr. F. H. Roberts entrusts to me the re-naming of species that are standing under 
homonyms in his papers, two of which names are of his own proposing. Correspondents 
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have expressed the view that some species named by early authors are not those given 
their names in Australian collections, and this criticism may apply more widely than 
at present suggested. I propose here, not to re-name the homonyms, but rather to give 
new names to species in collections that have formed the material studied by Roberts 
and that were given names of the earlier authors, and which names are homonyms. The 
types are thus all in Australian collections, and they may or may not be identical with 
the species to which Roberts allied them. 


Genus Ligyra Newman. 


Newman, Hntomologist, i, 1840, 220. Hyperalonia Rondani, Arch. per la Zool., 1863, 
58; nec Lygira Bigot 1881. 

The genotype of Ligyra Newm., by original designation, is Anthrax bombyliformis 
Macleay 1827, since found to be conspecific with Anthrarn sylvanus Fab. 1776, which 
name was also included in the genus. Bigot (Ann. Soc. ent. Fr., 1881, p. 22) placed a 
species of Comptosia under Lygira, which is a mis-spelling of the same generic name. 
Becker placed Ligyra as part of Comptosia without indicating if he had seen identified 
specimens, and later: Bezzi adopted the synonymy without discussing the position. 

As Macleay’s species was evidently not a Comptosia, I removed it to Hyperalonia in 
1921, leaving sylvanus still under Comptosia, and did not know at the time the species 
to which Newman had attributed the two specific names. By the time Roberts’ revision 
was in manuscript, it had become evident that the only species which Fabricius could 
have described was the same as Macleay’s, so Roberts (1928) published a note covering 
this conception at the end of his description. 

Edwards (Hncycl. Ent. Dipt., vii, 1934, 82), states that the name Ligyra definitely 
was misapplied by Becker, but does not refer to any specimens labelled by Newman. It 
must be assumed that Newman erected the genus on literature references only, and it is 
unfortunate that this little-known generic name has to supersede the well-known and 
much used name Hyperalonia; nine species are concerned with this change in Australia, 
and one specific name needs adjustment. 


LigyRA SYLVANUS Fabricius. 

Bibio sylvanus Fabricius, Ent. Syst., 1775, 758; Spec. Ins., ii, 1781, 415; Mant. Ins., 
li, 1781, 329. Musca sylvanus Gmelin, Syst. Nat., v, 1792, 2832. Anthrax sylvanus Fab., 
Ent. Syst., iv, 1794, 261; Syst. Antl., 1805, 125; Wiedemann, Dipt. exot., 1821, 151; Auss. 
zweifl. Ins., i, 1888, 321; Walker, List Dipt. Brit. Mus., ii, 1849, 241; Ins. Saund., Dipt., i, 
1852, 166. Ligyra sylvanus Newman, Entomologist, i, 1840, 220; Edwards, Encycl. Ent. 
Dipt., vii, 1934, 82. Anthrax bombyliformis Macleay, in King’s Narr. Surv. Intertrop. and 
W. Coasts of Australia, 1827, 468. Ligyra bombyliformis Newman, Hntomologist, i, 1840, 
220. Hyperalonia bombyliformis Hardy, Proc. Roy. Soc. Tasm., 1921, 46; Roberts, Proc. 
Linn. Soc. N.S.W., liii, 1928, 100 (which see for further synonymy and references). 

As pointed out by Edwards, the change in name of this well-known species is 
inevitable. 


VILLA SUBOBSCURA, new name. 
Anthrax obscura Macquart, Dipt. exot. suppl. 1, 1846, 112; preoccupied by Weber 
1801. Villa obscura Roberts, Proc. Linn. Soc. N.S.W., liii, 1928, 114. 
Weber previously used the name in Observationes entomologicae, 1801, p. 115. 


VILLA PROSIMPLEX, new name. 
Anthrax simplex Macquart, Dipt. exot., suppl. 2, 1847, 52; preoccupied by Wiedemann 
1819. Villa simplex Roberts, Proc. Linn. Soc. N.S.W., liii, 1928, 128. 
Wiedemann used the name in Zool. Mag., iii, 1819, p. 11. 


VILLA PROCONCISA, new name. 
Anthrax concisa Macquart, Dipt. exot., suppl. 4, 1850, 111; preoccupied by Macquart 
1840. Villa concisa Roberts, Proc. Linn. Soc. N.S.W., liii, 1928, 141. 
Macquart used the name twice, the first time being in his same work, Vol. 2, 1840, 
p. 65. 
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SISYROMYIA AURATA Walker. 

Bombylius auratus Walker, List Dipt. Brit. Mus., ii, 1849, 289. 

Sherborn records Bombylius auratus Turton, Linn. Syst. Nat., iii, 1802, p. 638, which 
might make Walker’s name a homonym by this association. Actually Turton was 
alluding to Volucella aurata Fab., but he made no reference to this author when 
changing the generic conception, and his whole work is apparently not valid for 
consideration in regard to homonyms, being hardly more than a catalogue in value, 
omitting references and compiling short descriptions taken from various early works, 
frequently placing the names in different generic combination. 

Roberts may have erred in leaving Bombylius lobalis Thomson as a synonym of this 
species, and with advantage it might be removed to a synonym of B. albovittata 
Macquart, as the description agrees there. , 


SISYROMYIA EULABIATA Bigot. 
Bombylius brevirostris Macquart, Dipt. exot., suppl. 4, 1850, 119; preoccupied by 
Olivier 1789. Systoechus eulabiatus Bigot, Ann. Soc. ent. Fr., (7) xi, 1892, 336. 
The name given by Macquart was used earlier by Olivier in Encycl. Method., iv, 
1789, p. 326; by Meigen in Syst. Beschr. zweift. Ins., vi, 1830, p. 326; and by Macquart in 
Dipt. exot., ii, 1840, p. 103. 


Genus Bomsy ius L. 


Many specific names are proposed under this genus, some subsequently removed to 
other genera but fall to synonymy such as Bombylius ‘punctipennis Thomson 1869, 
preoccupied by Loew 1855. Those still retained within the genus are Bombylius 
scutellaris Thomson 1869, preoccupied by Wiedemann 1828, a synonym of B. decoratus 
Walk., and B. nanus Walker 1849, preoccupied by Meigen 1838, and which is of unknown 
identity. The two following species need re-naming. 


BOMBYLIUS PROBELLUS, new name. 


Bombylius bellus Roberts, Proc. Linn. Soc. N.S.W., liii, 1928, 439; preoccupied by 
Philippi 1865. 
The name was used by Philippi in Verh. zool.-bot. Ges. Wien., xv, 1865, 649. 


BOMBYLIUS ALIENUS, new name. 


Bombylius pulchellus Roberts, Proc. Linn. Soc. N.S.W., liii, 1928, 441; preoccupied 
by Loew 1863. 

The name was first used by Eversman in Buil. Soc. Imp. Nat. Mus., vii, 1835, p. 423, 
standing as a nomen nudum. Also Loew used it in Hnt. Z. Berl., vii, 1863, p. 300, and 
again v.d. Wulp in Tidschr. v. Ent., xxiii, 1880, 164. 


Family EMPpIpIDAE. 
EMPIS THOMSONI, new name. 
Empis tenuirostris Thomson, Hugenies Resa, Dipt., 1869, 473; preoccupied by Fallen 
1816; Hardy, Proc. Linn. Soc. N.S.W., lix, 1934, 177. 
The name was used by Fallen in Dipt. Svec. Empididae, 1816, p. 29. 


NITROGEN FIXATION IN LEGUMINOUS PLANTS. II. 
18 SYMBIOTIC NITROGEN FIXATION INFLUENCED BY AZOTOBACTER? 


By H. L. JENSEN, Macleay Bacteriologist to the Society. 
(From the Department of Bacteriology, University of Sydney.) 


[Read 22nd July, 1942.] 


Introduction. 

Free-living nitrogen-fixing bacteria, especially Azotobacter chroococcum, have 
frequently been alleged to stimulate the growth of various higher plants (Jensen, 1942), 
and claims have been made that this also applies to leguminous plants. Joshi (1920) 
stated that this was the case with Pisum sativum, Cicer arietinum and Phaseolus 
aconitifolius grown in the absence of root-nodule bacteria. Heinze (1926) found that 
inoculation with Azotobacter in addition to root-nodule bacteria could increase the yields 
of peas, serradella and lupins in pot culture by as much as 40%. Heinze ascribed this 
to a stimulation of the nodule formation, but his guarded statements suggest that the 
effect was not constant, and neither his nor Joshi’s data show whether the increase 
was statistically significant. Riede and Bucherer (1939) found the yield of soy beans 
in field trials somewhat increased by inoculation with Azotobacter, alone or in addition 
to Rhizobium japonicum; they give very few details, but the standard errors show that 
the increase was probably significant, especially in plants not inoculated with rhizobia. 
None of the authors have tried to explain the nature of this phenomenon which, as 
discussed elsewhere (Jensen, 1942), might be due to one or more of several causes: 

1. Fixation of nitrogen by Azotobacter; this might be the case in the experiments of 
Joshi (1920), who added an unspecified amount of sugar to the sand medium. It has 
often been stated in a general way that Azotobacter may fix nitrogen at the expense of 
root secretion products from leguminous plants (Wilson, 1940), but proof of this is still 
lacking. 

2. Plant development might be accelerated by growth-compounds elaborated by 
Azotobacter. We have comparatively little experimental evidence concerning the effect 
ot different growth-compounds on intact leguminous plants. Chailakhian and Zhdanova 
(1938) stated that the growth of peas and vetches was depressed by pre-treatment of the 
seed with heteroauxin (a-indolacetic acid). Bonner and Greene (1938) found that 
thiamin (Vitamin B,) promoted the development of certain slow-growing plants, but 
not of peas or beans. Pantothenic acid stimulates growth of lucerne seedlings in aseptic 
culture, according to McBurney et al. (1935), who regard the synthesis of panthothenic 
acid by the rhizobia as an important aspect of their symbiosis with the legumes. Laird 
and West (1937) observed that relatively high concentrations of “Bios 2b” (biotin?) 
induced abnormal growth of clover hypocotyles. Besides pure growth-compounds, some 
less defined organic substances, partly of microbial origin, have been stated to favour 
the growth of legumes in water- or sand-culture (Virtanen and vy. Hausen, 1934; 
Niklewski and Wojciechowski, 1937). The existence of the bacterial symbiosis makes 
the influence of extraneously-supplied growth-compounds a more complicated problem 
than in non-legumes, since the rhizobia are capable, although to a very different degree, 
of synthesizing heteroauxin, thiamin, pantothenic acid, and biotin (Wilson, 1940). A 
positive effect might therefore be expected if the rate of synthesis of one or more of 
these growth-factors by either or both of the two symbionts were insufficient for optimal 
growth of the whole plant-rhizobia complex. There is also the possibility that 
Azotobacter might stimulate the growth of rhizobia outside the host plant and thus 
encourage nodule formation. 

3. Seed germination might be favoured and the liability of the seedlings to attack 
by pathogenic organisms might be lessened by specific substances produced by 
Azotobacter. 


s 
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Agricultural soils in Australia, even those of favourable reaction, are often deficient 
in Azotobacter (Jensen and Swaby, 1940). In connection with the now generally 
recognized need for leguminous crops as a counterbalance to nitrogen depletion, it thus 
seems desirable to investigate the possibility of improving the growth of legumes by some 
kind of Azotobacter-treatment as a supplement to inoculation of the seed with rhizobia. 
Some experiments have therefore been made with two of the most important pasture 
legumes: lucerne and white clover. 


Experimental. 

Agar cultures.—The first tests were carried out in big test-tubes with 20 or 40 ec.c. 
of sterile agar medium (CaHPO, 0:1%, K,HPO, 0:02%, MgSO, 0:02%, NaCl 0:02%, FeCl, 
0-01%, washed agar 06%; pH 6-5-6-6) and 2 or 3 plants, except in one case where 
400-c.c. bottles with 80 c.c. agar and 4 plants were used. After disinfection with HgCl. 
and washing with sterile water, the seeds were sown in the agar and then inoculated 
with a pure culture of Az. chroococcum, or else soaked prior to sowing in a suspension 
ot Azotobacter-cells; in this case the control seeds were soaked in sterile water. When 
the first true leaf had appeared (mostly after 7 to 10 days), the seedlings were inoculated 
with strains of Rh. meliloti or trifolii, which had been tested for effectiveness, and which 
‘grew very poorly or not at all in synthetic media, i.e., they appeared to have little 
capacity for synthesis of growth-compounds. In the first few trials 0:001% Na,MoO, 
was added to the agar medium in order to make it optimal for Azotobacter. This was 
later omitted because other experiments had shown this concentration of molybdenum 
to be harmful to lucerne. In some experiments the inoculation with Azotobacter was 
replaced by addition to the agar of 2% sterile filtrate from 14-days-old cultures of 
Azotobacter in N-free mannite-solution. This filtrate stimulated markedly the growth 
of rhizobia in synthetic solution and appeared thus to be rich in biotin, the essential 
accessory growth-factor for rhizobia (Wilson, 1940). In another experiment, 10 or 50 
p.p.m. of fresh cell-substance of Azotobacter, from 6-day cultures on N-free agar, were 
added directly to the agar medium. One experiment was carried out in liquid medium 
in order to eliminate the traces of growth-compounds which are regularly present in 
the agar; in this case the seeds rested on a thin pad of carefully boiled and washed 
cotton-wool supported by a few pieces of glass tubing. Hach treatment comprised 4 to 8 
replicates. The cultures were placed in a greenhouse and analysed for total nitrogen 
after 11 to 17 weeks’ growth. 

The rate of germination, the appearance of leaves and nodules, and the general 
vigour of growth were neither in lucerne nor in clover perceptibly influenced by 
Azotobacter or its culture-filtrate, alone or in addition to rhizobia. Growth of Azotobacter 
along the roots was not macroscopically visible, but tests on agar, and in some instances 
also direct microscopic examination, revealed its presence at the conclusion of the experi- 
ment in the agar cultures where it had been introduced. In the solution-cultures of 
lucerne it appeared to have died out. The analyses showed in no instance any significant 
influence of Azotobacter on the gain of nitrogen, as exemplified by the results of two 
typical experiments in Table 1. Addition of 50 p.p.m. fresh Azotobacter-substance seemed, 
although the. evidence was not conclusive, to depress nitrogen-fixation in white clover. 


TABLE 1. 
Nitrogen Fixation by White Clover and Lucerne in Agar Culture. 


Total N per Culture, mgm. 


Series. Inoculum. Replicates. 

Standard 

Mean. Deviation. 

White clover in test-tubes, None. 4 0-23 +0-042 

plain agar, 105 days. Rhizobium. 6 1:69 +0:078 
Do. + Azotobacter. 5 1:65 +0:089 - 

Same in agar +2% None. 4 0-25 +0-017 

Azotobacter-filtrate. Rhizobium. 6 1-59 +0-079 

None. 2 ne A 

Lucerne in 400 e.c. flasks, Azotobacter. 2 Sf 4 O94 ee OL03K 

102 days. Rhizobium. 5 5-40 +0-651 


Do. + Azotobacter. 5 4-81 +0:334 


BY H. L. JENSEN. 207 


Sand Cultures—Since agar cultures permit only a limited growth under very 
artificial conditions, the experiments in this medium were supplemented with cultures of 
lucerne in practically nitrogen-free sand. In the first series, lucerne was grown in glazed 
earthenware pots each holding about 3 kgm. sand moistened with N-free Crone’s solution; 
pots and sand were heated for 4 hours in steam before sowing. Disinfected seeds were 
sown, inoculated with Rh. meliloti and Az. chroococcum, and thinned to 7 plants per 
pot. Another experiment was carried out in wide-necked 500-c.c. glass bottles holding 
500 gm. of sand with the same solution, and 2 plants per bottle. The cultures were 
placed in a greenhouse and watered with sterile water. In both series the lucerne grew 
rather poorly, and no influence of the Azotobacter-treatment was noticeable, although 
Azotobacter at the end of the experiment was found in the cultures where it had been 
introduced, but not in the others. The agreement between replicates, moreover, was 
unsatisfactory; a third experiment was therefore made in pots with sand moistened with 
a solution corresponding to the agar medium. This time the growth was excellent and 
the agreement between replicates much better, but again there was no significant effect 
ot Azotobacter. The results of the sand-culture experiments are seen in Table 2. 


TABLE 2. 
Influence of Azotobacter on Nitrogen Fixation by Lucerne in Sand-Culture. 


Dry Matter per Pot, gm. 


Series. Inoculum. Replicates. N in Dry 
Standard Matter, %. 
Mean. Deviation. — 
I. Pot cultures. None. 4 0-10 +0-026 129) 
29/7/40-30/12/40. Azotobacter. 3* 0-12 +0:017 1:22 
Whole plants. Rhizobium. 7 0-81 +0°520 2-14 
Do. + Azotobacter. 6 0°73 +0-238 2°15 
II. Flask cultures. Rhizobium. 6 0-25 +0°154 
27/2/41-16/10/41. Do. + Azotobacter. 6 0-32 +0:100 
Tops only. 
III. Pot cultures. Bane Jf Tops: 4:18 +0-308 3°93 
4/4/41-13/8/41. TEs 3 Roots: 1-81 +0°217 3-31 
Tops: 4:07 +0-135 4-06 
Tops and roots. Do. + Azotobacter. 3 ‘| Roots o abet +0-136 3-52 


* Two pots lost by infection with Rhizobium. 


Influence of Straw on the Growth of Lucerne.—The negative results of the sand- 
culture experiments might be due to failure of Azotobacter to grow well in the pure 
sand, where the plant roots represent the only source of organic nutrients.. It has 
sometimes been observed (Thornton, 1929), that addition of straw to the soil favours 
nodule formation and thus improves the growth of leguminous plants; this phenomenon 
might conceivably be partly due to a stimulating influence of Azotobacter, which under 
suitable soil conditions will multiply vigorously when fresh straw is added. <A _ pot 
experiment was therefore carried out with lucerne in sand + N-free Crone’s solution, 
with and without addition of 0:5% finely ground wheat straw. Five replicates were run, 
with 12 plants in each; two extra pots with addition of straw were left unplanted. The 
medium was not sterilized, but inoculated with a small amount of soil suspension rich in 
Azotobacter, in addition to inoculation with Rh. meliioti. The first crop of lucerne was 
almost completely destroyed by the addition of straw, and in the control pots the growth | 
was also somewhat poor and irregular, as shown in Table 3. A second erop of lucerne 
was therefore sown. 

At the time of sowing the second crop, Azotobacter had developed richly in the 
sand + straw, where plate counts showed a number of 47,000 per gm. against 8 per gm. 
in the straw-free sand. At the same time the sand + straw had become greatly enriched 
with the growth-factor for Rhizobium, as shown by a tentative assay: portions of original 
sand, as well as sand from the unplanted pots with straw, were extracted, first with cold 
water for one hour, then with hot water by autoclaving 15 min. at 20 lb. pressure. The 
filtrates were then condensed on a water-bath to such a volume that 1 c.c. represented 
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TABLE 3. 
Influence of Straw on the Growth of Lucerne. 


Dry Matter per Pot, gm. 


Straw Replicates —©—§$_ _—AADADA 
Added, %. No. Standard 
Mean. Deviation. 
ist Crop: 25/10/40-20/3/41. 0 By 0:47 +0:554 
Whole plants weighed. 0:5 5 0:10 +0-°054 
Tops: 2-22 0:375 
2nd Crop: 20/3/41-13/8/41. 0 5 R ite 1 Spa fA 603 
Tops and roots weighed Tops : i 1:31 +0265 
separately. US 5 ‘| Roots : 1-32 40-284 
NaNO, added. 6/5/41—8/8/41. 0 3 1:96 +0-:144 
Whole plants weighed. 0-5 3 2-00 +0-:086 


the extract from 8 gm. of sand. Varying amounts of the extracts were then added to a 
synthetic nutrient solution (mannite, NaNO;, mineral salts) in which Rh. meliloti was 
grown for 6 days at 28-30°C., when the bacterial substance was removed by centrifuga- 
tion, dried and weighed. The following results (averages of duplicate determinations) 
were obtained: 


Bacterial substance, mgm. 
per 25 c.c. of medium with 
Addition to synthetic solution. 


Cold-water Hot-water 

extract. extract. 
Nothing (contro!) O-1 0:2 
1% extract of pure sand .. 0-8 0-9 
5% 55 of 80 Saas 2:2 2-8 
We ¢ $5 », sand +straw 1-6 1:3 
5% 55 59 9b 99 4:7 4-6 


Control experiments in solutions without mannite or nitrate showed that the 
stimulating effect was not due simply to the extracts providing assimilable carbon or 
nitrogen. The sand itself thus contains a certain amount of the growth-factor 
(presumably biotin), but its concentration is considerably increased by the addition of 
straw. Nevertheless the depressing influence of straw on the growth of lucerne is still 
quite distinct in the second crop (Table 3). A control experiment, also included in 
Table 3, shows that the straw has no such effect in the presence of combined nitrogen.* 

Since the harmful effect of the straw might be due to increased fungal attack on the 
seedlings in the early stage of growth before nitrogen fixation becomes active, a few 
supplementary experiments were carried out under biologically-controlled conditions. 
Lucerne plants were grown from disinfected seeds in 500-c.c. flasks with 200 gm. of sand 
and 50 e.c. of mineral solution plus hot-water extract of wheat straw} in a quantity 
equivalent to the soluble constituents of 1:0 gm. straw per flask. The culture-flasks were 
plugged with cotton-wool and sterilized in the autoclave. Some cultures were inoculated 
with Rh. meliloti and Az. chroococcum, others were left uninoculated but given 0:1% 
NaNO, in the nutrient solution. The results (Table 4) show that the sterile straw- 
extract is not per se harmful to the plants, but becomes so in the presence of Rh. meliloti, 
and this effect appears to be intensified by Azotobacter, which multiplies strongly in the 
presence of straw-extract. 

Other experiments showed that straw-extract in which Rhizobiwm or Azotobacter 
had grown for 5 weeks at 28-30°C. had an inhibitory effect on the roots of lucerne 


* Cf. Collison and Conn (1925), who found straw-extract harmful to barley seedlings in 
water- or sand-culture but not in soil. 

7 Prepared by autoclaving finely chopped wheat straw with 10 times its quantity of tap- 
water, and filtering. 
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TABLE 4. 
Influence of Straw-extract on Growth of Lucerne in Sterile Sand. 


Straw- Dry Weight Azotobacter per 
Inoculum, extract, of Plants, gm. of Sand at 
hb gm. End of Exp. 
Rh. meliloti. 0 0-22 0 
Sand —NaNoQO3. Do. + Azotobacter. 0 0:21 860 
31/3/41-8/8/41. Rh. meliloti. 5 0-15 0 
Do. + Azotobacter. 5 0:12 > 250,000 
Sand + NaNO. None. 0 0:17 
7/5/41-8/8/41. Do. 5 0-16 


seedlings. Duplicate lots of 50 disinfected lucerne seeds were allowed to germinate 
for 5 days at 24-25°C. in Petri dishes with sterile filter-paper moistened with (1) sterile 
tap-water as control, (2) plain sterile straw-extract, and (3) extracts in which the two 
bacteria had grown; these extracts were restored to original volume, the bacteria were 
removed by sharp centrifugation, and the liquid was used without any further treatment 
as well as after sterilization in the autoclave. After 5 days the length of stems and roots 
was measured. The percentage of germination and the lengths of the stems were not 
significantly affected by any treatment. Table 5 gives the mean lengths, with standard 
errors, of the roots. The plain straw-extract is inactive, except perhaps in extra high 
concentration, but the retarding effect of the culture solutions is quite marked and is 
not diminished by autoclaving. In agar cultures inoculated with rhizobia the plain 
extract as well as the culture solutions caused shortening and thickening of young 
lucerne and clover roots. The phenomenon was much like that observed by Collison 
and Conn (1925) in barley seedlings, except that it does not appear to be caused by 
substances originally present in the straw-extract, but to arise under the influence of 
bacteria. It seems probable that the active substance is a heteroauxin; a very pronounced 
stunting and thickening of the roots of white clover and especially lucerne was seen 
in agar with synthetic heteroauxin (a-naphtyl-acetic acid) in concentrations as low as 
10“ to 10%. This malformation of the roots may result in diminished nodule formation, 
which would explain the apparent harmlessness of the straw in the presence of nitrate.* 


TABLE 5. 
Influence of Straw-extract on Early Growth of Lucerne Seedlings. 
I. Plain Straw-extract. II. Filtrate from Rh. meliloti. 

Cone. of Germination, Length of Cone. of Germination, Length of 
Extract, %. ee Roots, mm. Extract, %. bo Roots, mm. 
Of (a) 80 Heel | 0 (a) 84 28-9+1-50 
(b) 82 26°2+1-83 (b) 82 28°3+1-29 
10 (a) 80 27-8+1-:44 10 (a) 80 20°1+0-76 
(b) 86 25-1+1:26 | (Untreated) (bd) 70 20-1+1-31 
50 (a) 80 22-3+0-95 10 (a) 80 21:7+0°85 
(b) 90 27-741-20 (Autoclaved) (6) 70 21-:9+1-05 

Ill. Filtrate from Az. chroococcum, | IV. Filtrate from Az. echroococcum, 

Untreated. | Autoclaved. 

0 (a) 82 24-641-13 | 0 (a) 76 28-4+1-38 
(b) 78 26-31-51 | | (b) 78 31°3+1-64 
5 (a) 70 17-0+0:97 | 5 (a) 72 21-2+1-22 
(0) 84 19°9+1-14 | (b) 80 17-0+1:-01 
20 (a) 80 15:3+1:-04 20 (a) 66 16°2+1-08 
(b) 84 17-041-17 | (b) 72 16°5+1-43 


* Cf. also the observation of Laird and West (1937) that high doses of biotin suppress 
temporarily the formation of root-hairs, through which the infection with rhizobia takes place. 
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Several other germination experiments with different kinds of seed showed that 
treatment with cell suspensions or culture-filtrate of Azotobacter had no significant 
influence on the rate or percentage of germination, no matter whether this was high 
(Medicago sativa, Trifolium pratense) or low (Medicago denticulata, Trifolium 
glomeratum). - 

The Growth of Azotobacter in the Rhizosphere of Lucerne and Clover.—it has often 
been stated that the rhizosphere of leguminous plants may offer a favourable habitat for 
Azotobacter (Wilson, 1940), but quantitative data in support thereof are still lacking. 
Some such observations have therefore been made on lucerne and subterranean clover, 
which were grown in almost N-free sand of faintly alkaline reaction, supplied with 
mineral nutrients and inoculated with Az. chroococcum as well as rhizobia. A number 
of plants were dug up at successive stages of growth, and counts of Azotobacter were 
made in the sand as well as the rhizosphere (roots with adhering sand) by plating on 
N-free dextrine agar. A few supplementary counts of the general rhizosphere-flora were 
made on soil-extract mannite agar. Table 6 gives the results, which show that the 
numbers of Azotobacter in the sand supporting plant growth are not appreciably higher 
than those in the unplanted control sand. In the actual rhizosphere of both plants there 
is a discernible, but not very striking, increase in Azotobacter, which, however, accounts 
for only an infinitesimal fraction of the total rhizospheral flora, as shown by the counts 
on soil-extract agar. 


TABLE 6. 
Numbers of Azotobacter in the Rhizosphere of Lucerne and Clover. 


Numbers of Azotobacter per gm. 


Incubation. Control Lucerne. Clover. 
Sand. 
Sand. Roots. Sand. Roots. 
Start ae 450 
43 days .. Be 600 230 660 460 900 
63i spate re 450 520 1,000 240 680 
OOM gest hes 58 140 460 940 420 1,550 
Lucerne roots. Clover roots. 
“Total ’’? counts of 43 d. 103°7 ‘ 69-6 
bacteria, million 63 d. 75:6 50:4 
per gm. 


Some 10 to 15% of the colonies on this medium belonged to a clearly-recognizable 
type resembling the root-nodule bacteria: small, irregular, spore-free rods forming big, 
smooth, soft colonies, very fluid and semi-transparent from the clover roots, more opaque 
and whitish from the lucerne roots. Nine isolates from the latter actually proved to be — 
Rh. meliloti, as shown by their production of nodules on lucerne seedlings. The rhizobia 
would thus appear to be much more important inhabitants of the rhizosphere than 
Azotobacter. 

Since the influence on the numbers of Azotobacter was so small, an experiment 
was performed to see whether the lucerne roots do at all secrete organic substances 
serviceable tor Azotobacter. Lucerne, inoculated with effective rhizobia, was grown for 
16 weeks in 1-pint bottles with 150 c.c. of agar and 6 plants in each; after removal of the 
plants the portions of agar were combined, melted, given small additions of Na.MoO, 
and CaCO, and distributed in lots of 100 c.c. to 500-c.c. Erlenmeyer flasks, which were 
sterilized, inoculated with Az. chroococcum, and incubated for 14 days at 28—-30°C. No 
visible growth took place, and no nitrogen was fixed, while a control culture showed 
that the medium was favourable except for lack of available carbon: 


Mgm. N per 
j flask. 
Sterile controls (triplicate) ate ies one a8 ae 0-58 
Azotobacter-cultures (triplicate) .. ais es ss sg 0-59 


Do.+0:°2 gm. mannite (single) .. oi ae a0 a 2°33 
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Intact roots thus do not, at least under these conditions, secrete nutrients for 
Azotobacter in any discernible quantity. The root-substance itself, on the other hand, is 
comparatively rich in such compounds. Dried and finely ground roots of 20-weeks-old 
lucerne plants grown in sand culture were extracted with boiling water, small quantities 
of FeCl,, CaCO, and Na,MoO, were added to the extract, and Az. chroococcum was grown 
in this medium for 12 days at 28°C. Good growth, but only a moderate nitrogen 
fixation, took place; the following quantities of nitrogen were found per 25 c.c. of 
medium containing 0:348 gm. dry matter (excluding the added salts) which represented 
the hot-water soluble constituents of 0:75 gm. air-dry root material: 


Sterile control before incubation (duplicate) hia Bid biG 7°76 mgm. 
Do. after incubation (single) .. 5G ne x a Ste OU. vee, 
Azotobacter-culture (duplicate) ae As ae oi Ne 8:24 


The small increase in Azotobacter in the rhizospheres (Table 6) is presumably due 
to such soluble matter together with decomposition products of sloughed-off root particles. 
But since young root tissue is comparatively rich in nitrogen, a good deal of which is 
soluble, Azotobacter is badly placed in the competition with non-nitrogen-fixing organisms 
and only reaches relatively low numbers from which no significant nitrogen fixation 
can be expected. That this is actually the case was shown by another experiment: 0:5% 
finely ground, air-dry root-material of lucerne, containing 2:06% N, was added to a 
mixture of loamy soil and sand, of pH 7:4 and well supplied with mineral nutrients, 
including molybdenum. Duplicate portions of moderately moist soil were incubated for 
4 weeks at 28°C., periodical plate counts of Azotobacter were made, and total as well as 
mineral nitrogen was determined before and after incubation. Control soil without 
root-material showed no significant changes in Azotobacter or mineral nitrogen. The 
data on soil + roots are given in Table 7, and show that Azotobacter indeed multiplies 
to an extent only rarely observed under field conditions, but this is accompanied by a 
small, although significant, loss of total nitrogen. Nitrification of the added organic 
matter is already noticeable after 4 weeks, and gains of nitrogen during subsequent 
_stages of the decomposition-process can therefore be regarded as out of question. 


TABLE 7. 
Numbers of Azotobacter and Nitrogen Content in Soil+ Lucerne Roots. 


Incubation, days. 


0 8 18 28 
Azotobacter per gm. dry soil 3: (a) 33 5,860 7,580 10,100 
(b) 33 10,400 6,260 : 15,100 
Before incubation. After incubation. 
Total N, p.p.m., mean and standard error.* 229+0-50 (a) 220 -+0-54 
(b) 220+1-88 
(NH,+NO,)N, p.p.m. 13-2 (a) 15-9 
(b) 16°8 


* Tnitial N-determination based on 4, final ones on 6 and 7 replicates. 


Although it is possible that other species of leguminous plants may behave differently, 
the activity of Azotobacter thus seems most unlikely to be a source of serious error in 
experiments on nitrogenous excretion by the roots of legumes (Wilson, 1940). 


Discussion. 

The experiments haye shown quite consistently that presence of Azotobacter in the 
growth-medium has no perceptible stimulating effect on the growth of lucerne or clover, 
in whose rhizosphere it grows so sparsely that benefit to the plants through nitrogen 
fixation may be regarded as out of question, and an effect of its growth-hormones (even 
assuming that the plants were deficient in growth-compounds) also appears 
problematical, since the ability to synthesize such substances is shared by many other 
micro-organisms. On the other hand, excessive numbers of Azotobacter, produced by 
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extra supply of nutrients, were actually harmful to the plants and especially to the 
development of roots, as was also found by Krasilnikov and Garkina (1939), who ascribed 
this effect to specific metabolic products rather than growth-compounds. An uncritical 
application of straw or similar materials to leguminous crops in soil very poor in 
nitrogen should therefore be avoided. 

These conclusions, of course, apply only to the direct influence of Azotobacter 
chroococcum on the plants from the seedling stage and onwards, under laboratory or 
greenhouse conditions. The possibilities of improved seed germination and of antibiotic 
effects against plant pathogens still remain, and it is conceivable that the apparent 
benefit to soy beans in the experiments of Riede and Bucherer (1939) may find its 
explanation herein. 


SUMMARY. 


Lucerne and white clover were grown in agar or sand-culture with or without 
inoculation with Azotobacter chroococcum in addition to root-nodule bacteria. In no 
case could any significant stimulation of the nitrogen fixation by Azotobacter be observed. 

Addition of straw to the sand increased the numbers of Azotobacter greatly, but had 
a detrimental effect on lucerne. The same was the case with straw-extract inoculated 
with pure cultures of Azotobacter. Filtrates from such cultures inhibited the elongation 
of roots of young lucerne seedlings. No harmful effect of straw was observed in the 
presence of combined nitrogen. 

In the rhizosphere of lucerne and clover grown in sand, the numbers of Azotobacter 
were only moderately increased in comparison with the sand-medium itself. Intact roots 
of lucerne did not appear to excrete organic substances that support growth of 
Azotobacter. 
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THE OSSIFICATION OF THE AVIAN CHONDROCRANIUM, WITH SPECIAL 
REFERENCE TO THAT OF THE EMU. 


By H. LeigHton Kesteven, D.Sce., M.D. 
(Highteen Text-figures. ) 


[Read 19th August, 1942.] 


I. Introduction. 


During an investigation of “The Osteogenesis of the Base of the Saurian Cranium” 
recently (Kesteven, 19400) it was observed that the process of ossification in the avian 
Skull presented features of peculiar interest, not only in the region then under 
investigation, but in other areas as well. 

It appears that there is available no detailed account of the process of ossification 
in any saurian skull. A careful search by myself and enquiry of my colleagues has 
failed to find any such. Brief descriptions of isolated stages of the normal histology of 
developing bone in birds, especially the chick, are to be found in the works of experi- 
mentalists studying ossification and phosphatase activity in vitro. These, however, do 
not together constitute a full account of the normal process of ossification. 

The present communication is an attempt to supply the deficiency in respect of the 

birds. 
The Emu, Dromaeus, has been selected for particular attention because the large 
size of its embryos permitted one, from the 40 mm. stage on, to dissect the skull free 
from all its investing tissues and so to observe the full extent of the ossified areas in 
each bone. This was infinitely more easy than would have been the reconstruction of 
similar stages of smaller embryos. 

Although the description is largely based upon the Emu, the work purports to be 
more than just a description of the ossification of the skull in this particular bird; and 
unless otherwise stated, the descriptions may be accepted as applying to the birds 
generally. This last statement is based upon the fact that they have been found to be 
completely applicable, in all essential details, to any and all the other avian embryos 
in my collection. The essential similarity of equivalent stages observed in the numerous 
embryos studied, permits the assumption of equal similarity in the intervening stages, 
and I have not hesitated to avail myself of illustrative examples from other than emu 
embryos wherever it appeared desirable. Each of these is, of course, noted in the text. 

The Emu has been studied in transverse and sagittal sections of the 22 mm. embryo, 
and transverse sections of the 37, 40, 45 and 52 mm. stages. In addition, the skulls of 
the 40, 45, 52, 60, 65 and 72 mm. stages have been studied in dissected specimens.* 


Il. Tue CHONDROCRANIUM. (Figs. 1, 2 and 3.)7 


It was not found possible to dissect the chondrocranium of the 22 mm. stage clean 
of investing tissues without fracturing and tearing it, nor, on account of its size, was I 
confident that I could interpret correctly the van Wijhe preparation; therefore it was 
reconstructed from my transverse series “B’’. 


* The lengths quoted for the embryos are in all instances the length of the head from the 
tip of the beak to the occiput. These lengths have been calculated from the trans-sections or 
measured directly from the mid-sagittal section. 

A full list of the avian embryos in my collection is given in an appendix. 

7 The lettering on the Text-figures is as follows: Ang., Angular bone; Art. ca., Articular 
part of Meckel’s cartilage; Art. c. pal., Palatine branch of the cerebral artery; Art. cer., Cerebral 
artery; Art.mn., Mandibular artery; Art.orb., Orbital artery; Art. pal.l., Lateral palatine 

Ti 
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Fig. 1.—Model of the chondrocranium of the Emu, 22 mm. embryo. 
Fig. 2.—Outline of the chondrocranium showing schematically the situation of the nerves 
and blood vessels. 


artery; Art. pal. m., Medial palatine artery; Art. vert., Vertebral artery; A.¢., Atrioturbinal; 
B.and Ba. sph., Basisphenoid, bone or cartilage; B. pt. pr., Basipterygoid process; Cav. ps-ty.. 
Pseudotympanic cavity; Ch-c., Chondroclast; C.n., Concha nasalis; D.m., Dura mater; EHc.o., 
Extra-perichondral ossification; Hust., Hustachian canal; Fen.i-n., Internasal fenestra; I.p.c., 
Infra polar cartilage; J.c., Quadrato-mandibular joint cavity; L.al-sp., Alisphenoid lamina ; 
M.b.sep., Basiseptal meniscus; M.p.sph., Articular meniscus on the presphenoid; M.pt., Articular 
meniscus of the pterygoid; Men., Meniscus between the basisphenoid and the alisphenoid; W.p., 
Membranous layer of the perichondrium; Na. and N.ph., Nasopharynx; N.c., Communicating 
nerve between the IX-X and VII pal.; Nch., Notochord; ©C., Osteoblasts or osteogenetic 
mesenchyme; O-N.c., Orbitonasal cartilage; P.sph., Presphenoid; P.c., Polar cartilage; Pila ant., 
Pila antotica; Pit., Pituitary body; P.1., Paries nasi; Pt., Pterygoid; P-t.c., Parietotectal 
cartilage; Q.j., Quadratojugal; Qu., Quadrate; S.ang., Surangular; S.i-o., Intorbital septum ; 
S.p., Pituitary epithelial stalk; Sq., A bony squame; TJ'r., Trabecula; Ty., Pseudotympanie cavity ; 
Ven., Veins; Ven. jug., Jugular vein; Ven. mn., Mandibular vein; Ven.orb., Orbital vein; 
Ven. pit., Pituitary vein. 
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As anticipated, the reconstruction revealed a close similarity to that of the 21 mm. 
embryo of the Ostrich, Struthio, as reconstructed by Brock (1937). The outlines are 
slightly different, particularly the sharp descent of the basicranial line behind the 
pituitary fossa. The outline of the mid-sagittal section of another embryo of the same 
age shows that this sharp descent is an exaggeration, due to distortion, either of the 
embryo itself or in the reconstruction, or that the angle between the basiseptal and the 
basicranial axes is variable at this age.* 

Although the chondrocranium is so closely similar to that of the Ostrich that it does 
not call for detailed description, there are two features which call for special mention 
and discussion. 


(a) The Postorbital Cartilage and the Pila Antotica. 

The postorbital cartilage is, of course, simply the expanded upper portion of the pila 
antotica, which in its original and simplest form is a thin rod of cartilage which extends 
from the basal plate just in front of the otocrane to the taenia marginalis, and in using 
the two terms this fact should not be lost sight of. In the Emu, as in the Ostrich, the 
secondary attachment, which, following de Beer, Brock designates pila antotica spuria, 


XT 


Fig. 3.—View from behind of the front part of the model of the chondrocranium of the Emu 
embryo (as in Figs. 1 and 2) sectioned at the line C-D. 


* The reconstruction was made from outlines drawn directly onto very thick blotting-paper 
with the aid of a vertical projector made for me for the purpose by Esdaile and Sons of Sydney. 
In the outlines the nerves were included, in proximity to the cranium, and were differentially 
coloured. After cutting out, the outlines were cemented together with water-glass. The 
resulting model is very strong. 

The cutting out of outlines in blotting-paper is not always a simple matter and perhaps my 
own method may be useful to others. I use safety-razor blades. Each blade is broken in halves 
and one end of the half-blade is broken to produce a fine triangular point. This is then grasped 
in a pair of strong artery forceps with the point projecting little more than the thickness of the 
blotting-paper. The forceps hold better if their grasping surfaces are clothed with a single 
thickness of ZO adhesive plaster. The blotting-paper to be cut is then placed upon several 
thicknesses of blotting-paper so that the point of the blade shall not reach the table surface 
if pushed deeply. When the blade point becomes blunt another little strip is broken off and a 
fresh point obtained. The narrow blades thus obtained turn readily in the sharpest of curves 
and angles, and they are, of course, very sharp and move very freely whilst cutting. 
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does not develop. Although the postorbital cartilage comes to lie very close to the basal 
plate in the situation of the spurious pila, never throughout the life of the bird is there 
cartilaginous continuity in that situation. From the 22 mm. stage onward two periosteal 
membranes alone separate the cartilages, but these membranes persist until replaced by 
bone between the 45 and 60 mm. stages. 

Of these structures in the 21 mm. (stage 4) embryo Brock (1937, p. 232) writes: ‘‘The 
pila antotica spuria has grown right round the profundus nerve and is closely in contact 
with the pila antotica without fusing, so that the profundus has virtually a foramen 
separate from that of the maxillary and mandibular.” Apparently, then, the conditions 
in the Ostrich are similar to those in the Emu; the pila antotica spuria is not completed 
in either bird. 

Discussing the pila antotica, de Beer and Barrington (1934) write: “The next stage 
is represented by the fowl where the pila antotica spuria alone remains, the pila antotica 
disappearing, with the result that the posterior orbital cartilage appears to be connected 
with the basal plate by a pila which is in the wrong position for a pila antotica.” 

I have been unable to find the posterior orbital cartilage of the chick attached to the 
basal plate at any stage of development by a pila situated medial to the profundus as 
well as the other branches of the fifth nerve. Always the condition is as described by 
Gaupp (1906). I have, therefore, been led to investigate the manner of the attachment 
of the posterior orbital cartilage in each of the avian embryos in my collection. 

De Beer and his colleagues apply the term pila antotica spuria to a secondary attach- 
ment of the first antotic process which is joined to the basal plate between the profundus 
and the two other branches of the fifth nerve, and they restrict the term pila antotica 
to the short length of cartilage by which the posterior orbital cartilage is attached to the 
basal plate medially to all three branches of the nerve. 

The investigation of the other embryos in my collection reveals the facts that: the 
pila antotica spuria (1) may or may not be developed, (2) may be located behind, lateral 
to or in front of the pila antotica, and (3) may be greater or less than the pila antotica 
in the width of its attachment to the basal plate. These findings lead to the conclusion 
that it may be simply a secondary attachment devoid of phylogenetic significance and 
also that the attachment of the pila antotica, using that term to include both the post- 
orbital cartilage and its base of attachment, is variable, and this again without phylo- 
genetic significance. 

Quoting again from de Beer and Barrington (Le., p. 456): “. .. by following the 
development of this region in the duck, it is seen that all the morphological relations 
between the various structures are scrupulously respected, and the conditions in the 
fowl are nothing but the result of the development of a new structure and the reduction 
of an old one.” It is not clear from the context, either here or in the other quoted 
sentence, whether the writers regarded the replacement as taking place during the life 
of the chick or whether they regard it as having happened in the evolution of the species. 
But in any case it is difficult to understand why, in view of the undeniable presence in 
the birds of cartilaginous structures which present all the varying relations of the 
alisphenoid cartilage of the mammals, it should still be necessary to regard the latter 
as having been developed in a totally different manner, yet de Beer (1937, p. 439) writes: 
“In birds the formation of the pila antotica spuria leads to the ossification of the pleuro- 
sphenoid between V, and V., but it is nevertheless a part of the true cranial wall, and 
has nothing to do with the alisphenoid.” 

With this statement the present writer most emphatically disagrees (Kesteven, 
1916-1940a). 

The varying relations of the pila antotica to the branches of the fifth nerve, which 
were found in the embryos examined, are schematically presented in Figure 4. It will 
be noted that in Phalacrocorax (Fig. 4D) there is a small pila antotica medial to the 
extensive pila antotica spuria, that in the Jridepara (Fig. 4G) the outer wall of the 
canal along which the profundus nerve runs constitutes a ‘‘spuria” slightly wider than 
the vera, and that in the 11-9 mm. Podiceps (Fig. 4F) a spurious pila has been developed 
in front of the true pila, whilst the latter alone is present in the 8-7 mm. embryo of this 
species and in the Emu (Fig. 4A). 
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Fig. 4.—A diagrammatic presentation of the relation of the pila antotica to the branches of 
the fifth nerve in various avian embryos. <A. Emu, all stages and Podiceps, 9 mm. B. Fowl! and 
turkey, all stages, Podargus, 15-2 mm., Melopsittacus, 13th day and onwards. C. Botaurus, 22:2 
mm. D. Phalacrocorax, 11:3 and 14:6 mm. E. Apteryx, 58:0 mm., and Himantopus. F. Podiceps, 
11:9 mm. G. Iridepara, 4:5 and 9-7 mm. Jn. pr., Incisura prootica; L. sp-l., alisphenoidal lamina ; 
P.a.s., Pila antotica spuria; P.a.v., Pila antotica vera. 

[From Kesteven, 1941.] 


(b). The Nervus Palatinus Facialis and the Basipterygoid Process. 


Brock (l.c., p. 231). says that in the Ostrich the “palatine nerve takes its usual course 
ventral to the basitrabecular process”. In the Emu I find that the palatine nerve leaves 
the ganglion immediately outside the facial canal and runs down and forward along the 
inner wall of the pseudotympanic cavity. It reaches the floor of that cavity immediately 
above the point of departure of the eustachian canal (Fig. 5, right side). Here it lies 
to the inner side of, and dorsal to, the internal cerebral artery just behind the point 


Fig. 5.—Emu, 40 mm. Transverse section behind the pituitary fossa. 
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where that turns dorsad and mediad to enter the lateral arterial canal. It is joined 
here by a nerve which was traced back to the vago-glossopharyngeal trunks (Fig. 5, left 
side), but which probably contains nerves from the carotid: sympathetic plexus, for it 
carries a number of non-medullated fibres and stains more lightly than the facial nerve 
on that account. The fused nerves continue forward dorsally to the eustachian canal, 
which inclines mediad at a sharper angle. In front of the anterior wall of the cavity, 
which is perforated by the nerve and the accompanying palatine terminal branch of the 
cerebral artery, very close to the floor of the cavity, the nerve divides in two. My 
preparations are not stained specifically for the study of nerves, but they are sufficiently 
clear to permit the confident statement that there is very certainly not a separation of 
the original components at this division. The facial nerve comes down from above to 
join the other, and at the point of division it is a ventral moiety which turns ventrad 
and mediad to run forward below the basitrabecular process. The greater, and deeper 
staining, part of the nerve continues forward mediad and slightly dorsad and crosses 
the basipterygoid process above its inner end with the orbital vein lateral to it and 
the palatine artery medial to it (Fig. 6). 

Briefly, it may be stated that in the Emu the palatine nerve runs dorsally to the 
basipterygoid process but gives off its first branch before that process is reached. It is 
probable that Brock mistook this first branch for the nerve itself, in the Ostrich. 


ae palm 
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Fig. 6—Emu, 40 mm. Transverse section in front of the pituitary fossa. 


This course of the nerve seemed so aberrant that it was checked off in all the 
transverse series of sections and was also dissected out in a 72 mm. embryo and in a 
decalcified adult head, and was found to be the same in all. 

Attention was then turned to the other avian embryos in my collection and I found 
as follows: 

The only other embryos in my collection which show a basipterygoid process are 
the Apteryx and the Grebe, Podiceps. In the former of these the nerve branches exactly 
as in Dromaeus; in the latter the branch running below the process was not found. 

In Phalacrocorax and in Recurvirostra there is a lateral projection of the postero- 
ventral corner of the polar cartilage which may be regarded as an abortive basipterygoid 
process. In both birds the nerve divides, one branch, the larger, passes dorsally accom- 
panied by the palatine artery, the other passes ventrally. 
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In the other embryos it was found that the nerve always divides in the same 
situation and that the branch which accompanies the artery runs dorsally to the ventro- 
posterior corner of the polar cartilage. 

It may be stated that in the birds the palatine nerve and artery pass dorsally to the 
basipterygoid process if that be present. 

It may be stated further that in the birds the vidian canal is enclosed entirely by 
the basisphenoid bone, and nowhere lies in a position to be supplied with a floor by the 
extraperichondral bony squame which has heretofore been designated the basitemporal 
bone. 

These two important structures present relations to the basipterygoid process very 
different from those they present in the. lacertilians. This raises the question as to 
whether the avian process is in verity the same structure as that in the lizards. 

At the outset of a discussion on this question it may be stated that, whilst the 
process in the Lacertilia is correctly designated ‘basitrabeculav’, if equal exactitude in 
designation is desired in the birds the process should be termed ‘basipolar’. If the polar 
cartilage is only a separated portion of the trabecular cartilage, this would be merely a 
matter of terminological exactitude and with this statement the matter might be rested. 
On the other hand, it is a fact that the tendency of recent writers is to regard the polar 
and trabecular cartilages as separate entities, and if this is correct, their processes cannot 
be homologous. 

The polar cartilage has been observed in elasmobranchs, teleosts, birds and Hchidna. 
It may, at its first appearance, be lying freely between the trabecular and parachordal 
eartilages, Squalus (van Wijhe, 1904) and Anas (de Beer and Barrington, 1934), or it 
may be attached to the parachordal, Scyllium (de Beer, 1931). If it be free at its first 
appearance it may become attached first to either the trabecula or the parachordal. In 
its varying relation to these two cartilages there is nothing to guide us in deciding 
whether it should be regarded as more nearly akin to the one or the other. 

Experimental and histological evidence indicates that both the polar cartilage and 
the posterior end of the trabecular cartilage are of mesendodermic origin, whilst the 
trabecular cartilages, as far back as the oculomotor foramen, are of mesectodermic origin. 
Matveiev (1925) was of the opinion that the polar cartilages were of axial origin, and 
this belief is very strongly supported by the work of Stone (1922, 1926, 1929), Raven 
(1931), and Holtfreter (1933). The two former found that the trabecula behind the 
oculomotor foramen was not formed, like the anterior portion, from neural crest 
mesectoderm. The polar cartilages have not been found in the amphibian embryos they 
worked upon, but the portion not formed from mesectoderm is just the portion in the 
situation of the polar cartilage, when that is present, and it may be that this portion 
is in reality polar cartilage, but fuses with the hinder end of the trabecula so rapidly 
as to disguise its different origin. 

As against this experimental evidence that the portion of the trabecula which gives 
rise to the basipterygoid process is of the same nature and origin as the polar cartilage, 
we have the opinion of Allis (1925), based upon purely theoretical reasoning, that the 
trabecula represents the premandibular arch and the polar cartilage the pharyngo- 
mandibular. This last is definitely opposed by the experimental evidence that the polar 
eartilages are not visceral structures. De Beer’s belief (1937, p. 375) that the polar 
cartilages may, in some forms, represent the anterior part of the parachordals is in 
accord with the experimental evidence, for its origin is the same as that of the 
parachordal. 

If, as appears probably correct, we may extend the statement of the last belief to 
read—the polar cartilages and the hinder end of the trabeculae are to be regarded as 
the anterior portion of the parachordals—then we may say of the basitrabecular process, 
that it is a lateral process of the anterior end of the parachordal. Such a decision calls 
for the abandonment of the designation basitrabecular. 

However disinclined we may be to accept this recasting of our interpretation of the 
structures in question, in view of the facts that the basipterygoid process is developed 
from the polar cartilage in the birds, and the polar cartilage is certainly not part of 
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the trabecula, we are compelled thereto, or, in the alternative, we must regard the 
basipterygoid processes in the birds as not homologous with those of the reptiles. 


III. OSSIFICATION. 
A. GENERAL DISCUSSION. 
(a). Introductory. 

The description of the process of ossification which follows does not attempt a 
detailed account of histogenesis of the bone. I have neither the material nor the 
experience which would enable me to observe and/or recognize the cytological features 
of comparative interest and importance. On the other hand, it does attempt to present 
the broad outlines of the process and to describe the appearance, arrangement and fate 
of the different categories of elements affected by, or effecting, that process. Although 
the actual descriptions and drawings have been largely taken from illustrative examples 
provided by my collection of emu embryos the observations have been checked by the 
study of the other fifteen species of avian embryos in the collection. They have also 
been compared with the process of ossification in the embryos of ten reptilian species. In 
all a total of over eighty saurian embryos have been subjected to close study in the 
course of the work. In order to make as sure as possible that the avian conditions were 
being correctly interpreted, they were compared also with stages of ossification in the 
Urodeles, the Anura, and the caecilians, with the process of ossification in the teleosts 
and also with that of Polypterus. Finally therian conditions were studied.* 

Briefly reviewing this mass of material, it may be stated that ossification of 
membrane bones is essentially similar throughout the series, apart from details of 
cellular size and structure peculiar to each particular group. On the other hand 
ossification of the cartilage bones presents features which are characteristic of each 
group. 

Ossification of cartilage bones is always preceded by proliferation of the inner, 
osteogenetic cellular layer of the perichondrium. ; 

In the Amphibia and the Ophidia the process is more truly endochondral than in 
any ot the other groups, excepting the heads of long bones throughout the whole series. 
In these two groups ossification is ushered in by the hypertrophic degeneration of the 
cartilage before the proliferation of the osteogenetic layer becomes obvious, and there is 
little or no superficial deposition of bone before its formation in the degenerated areas 
of cartilage. The cartilage cells in the Amphibia are much larger than those of the 
Reptilia. In the reptiles (except Ophidia), in the mammals and in the Platypus 
ossification of the cartilage bones of the skull is invariably endoperichondral at its 
inception. The proliferation of the osteoblastic layer is, typically, strictly confined by 
the outer, membranous layer of the periosteum, and is rapidly followed by a superficial, 
retiform squame of bone, through the meshes of which the osteogenetic tissues invade 
the subjacent cartilage. The process always spreads along the surface first and only 
later becomes endochondral. In some reptiles this typical feature is departed from 
below the trabecular communi. In these forms the proliferation in this location produces 
a definite bulging, away from the cartilage, of the outer fibrous layer of the peri- 
chondrium and its partial or complete dissolution along a narrow strip below; simulating 
the condition to be described presently in the birds. Im the lacertilians there is little 
cartilage to be ossified except in the otocrane. In the chelonians the heavier chondro- 
cranium permits the observation of the process and it is found to differ from that of the 
therians in the more patchy nature of the invading process; the marked difference in the 
size of the cartilage cells is a striking differential feature. One also gathers the impres- 
sion that, in the reptiles, calcium deposition in the cartilage does not precede that 
brought in by the osteoblasts, to the same extent as in the Theria. This impression is 
given by the lighter staining properties of the hypertrophic cartilage in the reptiles. 

In the birds the ossification of the cranial cartilages is preceded by a much greater 
proliferation of, and activity in, the osteogenetic layer of the perichondrium than is seen 
in any other of the animals. In a number of situations this proliferation proceeds so 
far as to lead to the complete dissolution of the outer membranous layer of the peri- 


* See appendix for a full list of this material. 
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chondrium and the invasion of the adjacent tissues by columns and clusters of osteoblasts. 
This leads to the formation of bone outside the limits of the perichondrium. In the 
following descriptions this will be designated “extraperichondral” bone or ossification. 

Stump (1925), summarizing his work on the histogenesis of bone, writes: “The 
primitive connective tissue cells of the chondrogenetic areas in the course of growth 
form the chondroblasts of the cartilage, the fibroblasts of the perichondrium or the 
periosteum, the osteoblasts and the osteoclasts of osseus tissue, and the haemoblasts 
and reticular cells of marrow. They persist and extend by growth. When the cartilage 
model is complete they occupy a position between it and the perichondrium. It is in 
this region that the osteoblasts concerned with the circumferential growth of the 
diaphysis are evolved.” 

- The last sentence of this quotation is a pleasing confirmation of the conclusion to 
which my own studies of ossification have led me. It will have been noted that Stump 
restricts the term perichondrium to that which I have designated—the outer layer of the 
perichondrium. 

Whilst my own studies have led me to believe that the osteogenetic cells lie within 
the “perichondrium”, as had been previously stated by Stump, the complete dissolution 
of this membrane, in numerous situations in the course of the development of the avian 
cranial bones, is definitely evidence that it does not always perform the only function 
credited to it by him, namely, that of limiting the area of ossification. 

Certain fundamental facts which seem to emerge from the observations I have made 
may be stated as follows: Firstly, the osteogenetic cells from which ‘‘membrane” bones 
are developed are unquestionably recognizable as aggregations in the general 
mesenchyme, devoid of any limiting membrane. Clearly, neither they nor the bone they 
give rise to is developed from membrane. Secondly, cartilage is not ‘converted’ 
into bone, it is replaced by bone. Thirdly, the perichondrium, using that term in Stump’s 
restricted sense, takes no part in the formation of the bone, it remains unchanged 
throughout the process or is completely destroyed and only reformed as a periosteum 
after bone formation is well advanced. Clearly, the bone formed before the secondary 
periosteum is developed cannot have been derived from this membrane, and there is 
nothing in any of my preparations to suggest that the dissolution of the perichondrium 
was due to its conversion into osteogenetic tissue. 

The terms ectochondral and endochondral should be discarded, unless in their 
continued use it is clearly understood that these are not different modes of ossification, 
but the introductory and main phases of the replacement ossification of cartilage. 

It is doubtful, in view of Stump’s findings, whether the terms cartilage bone and 
membrane bone are not misleading if they are not to be bereft of the implication that 
the one is derived from cartilage and the other bone from membrane. 

The bald fact appears to be that bone is, in some places, developed in spatial relation 
to cartilage and in other places no such relation is to be found. When the spatial 
relation does exist, the cartilage, more or less completely, foreshadows the shape of the 
future bone. 

Whilst this is probably the correct statement from the ontogenetic point of view, it 
would be foolish to deny phylogenetic significance to the spatial relation to cartilage 
when present. - 


(ob). General Description of the Process of Ossification in the Birds. 
1. Cartilage Bones. 

Prior to the inception of ossification the cranial cartilages are invested by a thin, 
well-defined perichondrium in which the layer next to the cartilage is only just recog- 
nizably composed of cells less flattened against the cartilage than the rest. This is the 
osteogenetic layer of the perichondrium and the first step in the process of ossification 
is the proliferation of this membrane. This is initiated by the increase in thickness of 
the cellular layer so that it becomes recognizable at once as such (Fig. 7, 2). At this 
stage the fibrous layer (Fig. 7, 3) is more defined than before the inception of the 
changes. This phase is completed early in development almost all around the external 
surfaces of the cranial cartilages, and in most areas no further progress is made for some 
time. The next stages are observed at the primary centres of ossification. Here the 
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cellular layer proliferates and the osteogenetic layer becomes two and three cells deep 
(Fig. 7, 4). Up to this stage the cartilage appears unchanged, its peripheral cells are 
flattened against the perichondrium, so that in borax-carmine stained sections they 
simulate an inner fibrous perichondral layer (Fig. 7, 1), but in haematoxylin stained 
sections take the deep blue ‘cartilage’ colour. The cartilage cells next, within these, 
increase in thickness, layer by layer, till the normal outline of the cartilage cells is 
attained. The outer fibrous layer of the perichondrium is still intact, but has lost in 
staining property and in definition, both at its inner and outer surfaces. Further activity 
in the osteoblastic cells leads to considerable thickness in the layer and to the more or 
less complete dissolution of the fibrous outer membrane. In areas other than the primary 
centres, the initiation of further progress awaits the spread from the primary centres, 
when all in turn pass through the same changes. 
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Fig. 7.—Emu, 22 mm. Transverse section through the posterior end of the intorbital septum. 


The extent of the proliferation of the osteoblastic layer is very variable. In those 
situations where the skull is to be thickest and most extensively pneumatodic the 
dissolution of the fibrous outer membrane is complete, and the osteoblasts invade the 
surrounding tissues, so that in sections they appear in columns and clusters lying free 
in the connective tissue. It appears, however, that before this invasion of the surrounding 
tissues takes place there is a development of osteogenetic fibrils amongst the osteoblasts, 
because, in numerous places, a very fine, very lightly-staining fibrillar tissue is developed 
amongst the osteoblasts within the membranous outer layer, and before that breaks 
down. My want of experience and the fact that my material has been neither fixed nor 
stained for cytological study prevent me from stating this last as definitely as is desirable. 

As development proceeds the osteoblasts are observed to arrange themselves in 
strands and clusters, and it is in these that the first bony spicules are deposited; the 
osteoblasts in the centres of the strands and clusters become imprisoned as the primary 
bone cells. The earliest strands to deposit bone are those in contact with the cartilage, 
but these are quickly followed by others further out, so that there is developed a thin 
layer of trabeculae of bone and/or osteoblastic strands separated and supported by a 
fine fibrillar tissue. At the time of the arrangement of the osteoblasts into strands and 
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clusters the whole osteogenetic area becomes highly vascularized by a plexus of very 
thin-walled vessels, these are suspended by the fibrillar tissue between the aggregations 
of osteoblasts. 

Until the deposition of the first bony squames upon its surface there is little change 
in the cartilage, but just at this time its cells are found to have lost their definite 
boundaries and their nuclei to have become rounder and to stain more deeply. Next 
the cartilaginous matrix takes the stain more deeply and the nuclei lose their affinity 
for the stain. Deeper-staining strands of matrix soon appear and surround the cells in 
groups. This is the typical sequence of events, but in many places, immediately beneath 
the superficial squame of bone, the cartilage undergoes liquefaction without passing 
through these preliminary changes. The liquefaction of the cartilage commences, always, 
immediately next to the ectochondral bone, and from its inception one finds large 
polynuclear, probably syncytial, chondroclasts distributed through the liquefied area 
and lying against the cartilage around the area. These chondroclasts are carried out 
into the liquefying areas by fine osteogenetic fibrils, or travel out along those fibrils 


(Fig. 8). 
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Fig. 8.—Emu, 22 mm. Section of the quadrate cartilage. 


The liquefaction of the cartilage is rapidly followed by invasion of the area by 
osteoblasts and the vascular network from the osteogenetic area outside the investing 
bony squame. 

This invasion of the cartilage is, of course, the inception of endochondral 
ossification. This proceeds on typical lines, the only feature of comparative interest of 
note is the fact that there is little or no columnar arrangement of the cartilage cells 
before the advancing osteogenetic tissue. This is probably due largely, if not entirely, 
to the fact that there is no growth of the cartilage in the direction of growth of the 
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bone, as in the ends of long bones, where this columnar arrangement of the cartilage 
cells is most marked. It is, however, noteworthy that even at the cartilaginous menisci 
in the situation of the future sutures, where cartilage growth does take place, there is 
little evidence of the columnar arrangement. 

Where there is extension in membrane of a cartilage bone, the osteogenetic tissue 
for this extension is derived from the osteogenetic layer of the perichondrium along the 
line of outgrowth of the extension. This process differs only from the proliferation at 
the thickest places in the skull, in that the proliferation is much more extensive, and 
in that a well-marked periosteum is early developed, limiting the future bone. The 
actual development of the bone in these “extraperichondral” areas is similar in all 
respects to that already described (Figs. 11 and 12). 


2. Membrane Bones. 


The earliest sign of the membrane bones takes the form of a condensation in the 
mesenchyme along the tracts where these bones are to be developed. In places where 
membrane bones are later to make sutural contact, their early cellular stromata are, or 
appear to be, in complete continuity. As development proceeds the cells in these areas 
of condensation, or aggregation, increase in size, in number and in affinity for the basic 
stains. Later, but whilst the component cells of the aggregations still appear all alike, 
a fibrous membrane is developed around them. Almost as soon as this limiting 
‘periosteum’ is apparent, it is found that a layer of osteoblasts, several cells deep, has 
become arranged against its inner surface and that numerous thin-walled capillary 
vessels have made their appearance in the space inside the osteoblastic layer. The 
central area becomes noticeably less packed with cells and very fine fibrils are present 
separating and suspending the capillaries and osteoblasts. Actual bone deposition is 
preceded by the arrangement of the osteoblasts inside the space into an open ‘sponge- 
work’ of columns and clusters. The bony trabeculae develop around the periphery and 
then along the columns in the central area. 


3. Comparison of the two Forms of Osteogenesis. 


Where the proliferation of the perichondrium is not so extensive as to lead to 
invasion of the surrounding tissue, the difference between developing membrane and 
cartilage bones is obvious. Where the endoperichondral proliferation leads to the 
dissolution of the membranous layer and the invasion of the surrounding tissues, there 
is a superficial resemblance between the two. 
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Fig. 9.—Chick, 143 days. Transverse section through the pituitary region. 
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The following points of difference are therefore stressed: 

The periosteum of the membrane bone is well defined, thin and stains well, and is 
fully developed before there is any arrangement or differentiation of the osteogenetic 
tissue, that of the extraperichondral bone is ill-defined, thick and lightly staining, and 
does not develop until after the ossification has become well advanced and actual bony 
trabeculae have been deposited. 

Secondly, whereas there is a complete squame of bone all round the periphery of 
the membrane bones, in the perichondral bone the only continuous squame is that in 
contact with the cartilage; the free surface of these ossifying areas is found to present 
a multitude of trabeculae which are not gathered together to form a continuous squame, 
though in places their continuity does produce a small area of bone flush with the 
surface. 

Thirdly, there is a very distinct difference in the arrangement of the osteoblasts 
around the free surfaces of the bones. In the membrane bone there is a dense layer 
several cells deep immediately inside the periosteum; in the extraperichondral bone 
there is not only no periosteum during the early phases of development, but also the 


Fig. 10.—Chick, 144 days. Transverse section through the posterior end of Meckel’s cartilage. 
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osteoblasts at the free surface are not arranged in nearly such density, but present 
discontinuous columns and clusters arranged in a definite peripheral layer, but much 
more open in structure. 

Finally, the bony squame in contact with the cartilage in the ectochondral ossification 
is not separated at all from the cartilage, or is separated only by a single layer of 
osteoblasts. In the membrane bone which lies in contact with a cartilage, as for 
instance the angular or surangular in contact with the articular cartilage before that 
ossifies, the peripheral bony squame is separated from the cartilage by two very definite 
membranes; its own periosteum and the perichondrium of the cartilage. These two 
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Fig. 11.—Chick, 17 days. Transverse section through the pituitary region. 
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membranes, or either of them, never intervene between the outgrowing perichondral 
bone, e.g., the ventral squame of the basisphenoid; and its cartilage. 

These contrasting features are shown clearly in Figures 9 and 10. In the former 
the so-called basitemporal bone of the chick is depicted. The continuous squame is 
actually larger than is typical for such bone, but, notwithstanding this, it contrasts 
very strongly with the angular bone, seen in the second figure (Fig. 10) developing 
in close contact with the articular cartilage. Figure 11 may be compared with these. 
It also is taken from a chick embryo, and shows the extraperichondral bone which 
forms the basiphenoid bone beneath the infrapolar cartilage and that which forms the 
root of the pseudo-tympanic cavity, and which later makes sutural contact with the 
alisphenoid bone. 


(c). Ossification of the Individual Bones of the Emu Skull. 
1. The Basisphenoid. 

Ossification of this bone commences in the Emu, as in the birds generally, on the 
base of the skull in the neighbourhood of the pituitary fossa. Proliferation of the 
endoperichondrium commences just beneath the junction of the trabeculae and spreads 
forward beneath the intorbital septum and backwards along the ventrum of the 
trabeculae and polar cartilages (Fig. 12). The proliferation is extensive and leads 
to the complete dissolution of the membranous layer of the perichondrium and the 
invasion of the tissues below and between the cartilages. Very little later the same 
proliferation is to be seen at the dorsal edge of the trabeculae. This is a much more 
extensive proliferation than the other, and the osteogenetic tissue extends quite a long 
way out into the connective tissue. Returning to the ventral centre of ossification, 
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Fig. 12.—Emu, 22 mm. Section through the pituitary region. 
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the osteoblasts are to be seen just behind the junction of the trabeculae forming a 
continuous band below the floor of the pituitary fossa, lying in this situation quite 
treely in the connective tissue (Fig. 9). 

The formation of bony trabeculae within the area of proliferation is rapid and 
there is developed on the base of the skull a triangular squame of bone which has its 
apex prolonged into a splint which runs forward under the intorbital septum, and 
which in its broader part behind underlies the body of the basisphenoid cartilage. Very 
early, however, the ossification becomes endochondral, so that the first-formed part of 
this ectochondral lamina is already knit to the cartilage by the invading endochondral 
bone a long time before the confines of the future basisphenoid bone are reached by 
the growing edge of the lamina. The superficial lamina grows continuously and 
uninterruptedly until those confines are reached and no further. This is important, 
because it is definite evidence that the lamina is in verity ectochondral bone limited 
by the cartilage from whose perichondrium it takes its origin, and not, as has hereto- 
fore been believed, 2a membrane bone. This interpretation receives further confirmation 
from the fact that the lamina is not confined to the ventral surface of the basisphenoid 
bone but is continued right around the basipterygoid process and up the sides and 
front of the cartilage to join the other two centres of ossification of the bone. It may 
be remarked that the ossification of the front of the bone is actually almost completed, 
in continuity with the ventral squame, whilst that lamina is little more than half its 
ultimate size. 

To describe the progress of ossification in the other centres would be to repeat the 
general description of the development of the extraperichondral bone of an earlier page. 
Cartilage takes no place in its growth, it is developed entirely from the osteogenetic 
tissues proliferated from the perichondrium. 

The body and the base of the bone are developed from the ventral centre. All the 
rest of the bone, the flanges which form the walls of the pseudotympanic cavity below 
the level of the squamosal contribution and in front of the otic components, is formed 
in membrane from these centres. 

It may be remarked that the fusion of the early stromata of the basi- and pre- 
sphenoid is, in my experience, the only avian example of such a fusion as between 
cartilage bones, but is general as between the stromata of membrane bones where these 
will meet in sutures in the bony skull. 

In the dissected skulls of the 37 and 40 mm. embryos, it is difficult to persuade 
oneself that the ventral lamina is not, as has been believed, a membrane bone. It is 
not difficult to dissect it free from the base of the skull and it appears to have come 
away cleanly. Closer inspection, however, reveals the fact that there is a fracture 
surface between it and the endochondral bone below and around the pituitary fossa and 
that it has been broken away from the bony anterior wall of the front of the cartilage 
and the pseudotympanie cavity. In the 60 mm. skull the lamina is found to have 
reached all the boundaries of the basisphenoid bone, to clothe the basipterygoid process 
completely, to be continuous with the surface layer of the bone of the side and front 
walls, except where the bone makes contact with other bones, and to be firmly attached 
to the endochondral bone over a wide area, and no longer can it be detached without 
breaking it. 

This bone provides an interesting example of the need to check the results of work 
with the scalpel and tweezers with that done with the microtome and the microscope, 
though, even without these, the very early and complete fusion of the lamina with the 
endochondral bone and the very definite limitation by the boundaries of the basisphenoid 
cartilage should correct the temptation to regard the bone as a parasphenoid ossification. 


2. The Basioccipital Bone. (Figs. 13 and 14.) 

This bone has but one primary centre of ossification. In the 22 mm. embryo there 
is a central band of proliferating perichondrium along the ventrum of the basioccipital 
cartilage. In the 37 mm. embryo this proliferation has increased markedly in the 
posterior one-third of its length. The membranous outer layer has been lost and the 
lower margin of the area of osteogenesis is defined by a band of osteoblasts which are 
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as yet devoid of any definite arrangement into columns or clusters. A small squame of 
bone has been deposited against the ventrum of the cartilage. Immediately above 
the squame there is a very small area of early disorganization of the cartilage and above 
this again a small area which shows increased staining of the matrix. The notochord 
in its canal above the latter area is degenerating (Fig. 13). In the 45 mm. embryo there 


Fig. 13.—Emu, 37 mm. Transverse section through the basioccipital. 


is quite extensive trabecular bone formation below the cartilage and invasion of the 
cartilage all round the notochordal canal and onto the dorsum of the cartilage (Fig. 14). 

In the 60 mm. embryo there is an extensive area of ossification of the full depth of 
the bone along the centre line and extending forward for a little over half of the full 
length of the cartilage. In the 72 mm. embryo the bone is completed. 


Fig. 14.—Emu, 45 mm. Transverse section through the basioccipital. 
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The ossification of the basioccipital presents an interesting condition intermediate 
between that of the basisphenoid and the exoccipital. As in the basisphenoid an extra- 
perichondral lamina is formed beneath the cartilage in the area invaded by the prolifera- 
tion of the endoperichondrium. The lamina formed here is, however, much smaller than 
that of the basisphenoid. In the exoccipital bone there is no invasion of the connective 
tissue, and the only ectochondral lamina is that which lies in actual contact with the 
cartilage. 


3. The Exoccipital Bone. (Fig. 15.) 


This bone is ossified from a centre which appears close to the basioccipital at the 
posterior boundary of the bone. The process of ossification is essentially similar to 
ectochondral ossification as seen in the Theria. Proliferation of the osteogenetic layer 
of the perichondrium is followed almost at once by the formation of a lamina of bone 
against the surface of the cartilage, and this as promptly by the invasion of the cartilage 
by chondroclasts and osteogenetic cells. The cartilage contiguous to the centre of 
ossification undergoes hypertrophic degeneration, its matrix takes the basic stain and 
the cell nuclei lose their affinity for it. There is no disorganization of the membranous 
outer layer of the perichondrium. 
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Fig. 15.— Emu, 37 mm. Transverse section through the exoccipital. 


4. The Periotic Bones. 

These bones are ossified very rapidly. In the 40 mm. embryo the only evidence of 
commencing ossification is the fact that the osteogenetic layer of the perichondrium is 
several cells deep. The membranous layer is intact. In the 52 mm. embryo three quite 
extensive areas of ossification are present. The smallest of these is an opisthotic centre 
situated laterally to the exoccipital, on the ventral surface of the otocrane, a short 
distance from the posterior edge. This is a perfectly typical instance of ectochondral 
ossification. In the 60 mm. embryo this centre has completely fused with the exoccipital 
ossification. This first centre of ossification in its ultimate extension surrounds most 
of the posterior semi-circular canal. 

The second centre to appear in the otocrane is a prootic centre. It commences on 
the lateral surface external to the horizontal canal. This also is a typical instance of 
ectochondral ossification. In the 60 mm. embryo it has extended to ossify the prefacial 
commissure and the greater part of the vestibular portion of the capsule. 

The third centre to appear is an epiotic centre, and is located on the lateral surface 
of the capsule externally to the upper part of the anterior canal. Like the other 
otocranial ossifications, this is a typical ectochondral ossification. 

In the 72 mm. embryo the whole otocrane is ossified. There are cartilaginous 
menisci between the contacting surfaces of the prootic and the other two bones. The 
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epiotic, lying above the floccular fossa and surrounding only the upper portion of the 
anterior canal, has two of these sutures with the prootic, both at the upper margin of 
the fossa, one anteriorly, the other posteriorly. Menisci of cartilage separate the prootic 
from the posteroventral margin of the alisphenoid bone, the basisphenoid, the basi- 
occipital and the exoccipital bones. False sutures intervene between the epiotic and 
prootic and the temporal bone. 


5. The Alisphenoid Bone.* 

The alisphenoid bone does not begin to ossify until rather later than the other 
cartilage bones. In the 52 mm. embryo the osteogenetic layer of the periosteum shows 
proliterative thickening in several places, particularly on the cerebral surface of the 
lamina alisphenoidea. In the 60 mm. embryo there are numerous small areas of 
invasion—liquefaction—of the cartilage, with the deposition of small trabeculae on the 
surface, at the edge of the areas of liquefaction and amongst the clusters of osteoblasts 
within the liquefied areas. 

The process of ossification here differs from that of all the other cranial cartilage 
bones in two respects. Firstly, there are numerous small centres of ossification which 
are not continuous, one with the other, and the earliest of these appear on the cerebral 
surface of the cartilage. In all the other bones there is just one centre, or in the 
parasphenoid three centres, of ossification and these are on the external surface of the 
cartilage. 

Ossification of the alisphenoid is complete in the 72 mm. embryo. 


Fig. 16.—Chick, 144 days. Transverse section through the posterior end of the intorbital septum. 


*Tt will be observed that this designation is in conformity with the writer’s belief that the 
bone is homologous with that of the mammals (Kesteven, 1916-1940a). 
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6. The Presphenoid. (Figs. 7, 16 and 17.) 


The presphenoid bone is the splint which runs along under the intorbital septum 
and which has, in the past, been regarded as the anterior, vomerine, portion of the 
parasphenoid. To have found that this interpretation of the bone was an erroneous 
one has been one of the major surprises of this investigation. The early stages in the 
development of the bone have been described in the course of the general description 
of the ossification of cartilage bones. It is from the early stage in the development of 
the presphenoid bone that the illustrations of the early phases of those bones are taken. 

As development proceeds the extrachondral ossification of the base of the intorbital 
septum increases in extent, and then the fibrous outer layer of the perichondrium at the 
sides of the septum appears to commence being peeled off from below upwards. This is 
due to proliferation of the osteogenetic layer spreading up the sides. The activity of 
this proliferation is much more marked posteriorly than anteriorly, both as to the 
height to which it reaches on the sides of the cartilage and as to the amount of bone 
formed beside it. There is, however, a very definite limit to the height to which it 
extends. Level with its highest point, all along the septum, the cartilage undergoes an 
interesting change. Its cells become arranged in rows with their long axes horizontal, 
and this layer of cartilage cells takes on the function of a growth meniscus between 
the presphenoid below and the septum above (Fig. 17). As development proceeds 
further the whole of the lower piece of the septum below this meniscus becomes ossified 
by invasion from the extrachondral ossification. The cartilage immediately above it 


Fig. 17.—Chick, 17 days. Transverse section through the presphenoid and its articular 
process for the pterygoid. 
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remains until the intorbital septum has attained to full size, and is then ossified from 
the centre for the septum. Posteriorly the presphenoid bone is a relatively thick bone 
ossified in complete continuity with the fore end of the basisphenoid. From this point 
it tapers gradually to a thin splint attached to the ventral edge of the intorbital and 
nasal septum. 

Although ultimately fused with the septum, the suture between the two remains 
quite well defined in young adult birds. 


7. The Intorbital and Nasal Septum. 


In the 40 mm. embryo an area of osteoblastic activity is to be found on both sides 
of the septum in front of and above the intorbital fenestra. In the 45 mm. embryo the 
full thickness of the septum has been ossified over an area which lies beneath the 
foramen olfactorium evehens and spreads forward to the posterior part of the nasal 
septum, backwards towards the intorbital vacuity and ventrally nearly half-way to 
the ventral edge of the septum. This ossification is brought about by typical ectochondral 
and replacement ossification of the cartilage. Ossification of the septum ultimately 
extends forward to the hinder margin of the internasal vacuity, but does not reach 
either the dorsal roofing bones or the ventral palatine bones in front of the posterior 
wall of the nasal capsule. Behind the planum antorbitale the septum is completely 
ossified, even the intorbital vacuity being ultimately filled in with bone. 


8. The Nasal Capsule. 


Of this only the lamina orbitonasalis, the walls of the concha, the posterior portion 
of the parietotectal cartilage, and just the bases of attachment of the turbinals are 
ossified. The manner of ossification is by typical ectochondral replacement. 


9. The Quadrate. (Fig. 18.) 


This bone begins to ossify between the 22 mm. and the 37 mm. stages. In the 37 mm. 
embryo the character of the ossification is clearly shown. Ossification begins in the otic 
process. There is a relatively marked degree of proliferation of the osteogenetic layer 
and the outer, membranous layer is broken through. The extraperichondral bone is not 
so extensive as in the central area of the basisphenoid, but is more so than in the 
central area of the basioccipital. The amount of this “added” bone is most 
marked along the medial side of the otic process and at the extremity of the 
quadrate between the two articular surfaces. The ectochondral ossification is soon 
followed by the liquefaction of the cartilage and its invasion by the osteogenetic stroma. 
The massive cartilage here provides remarkably fine exampies of the manner of the 
invasion. Liquefaction is brought about by large multinucleate chondroclasts which 
are to be seen extruded into the liquefied area from the surface of the osteogenetic tissue. 
These chondroclasts are, in the majority of instances, spindle shaped, but when seen lying 
amongst the closely packed osteogenetic cells, they assume the most irregular shapes. 
Apparently the liquefied area becomes occupied by a very fine fibrillar tissue, very 
rapidly after the complete absorption of the cartilage. The meshes of this tissue then 
become filled with osteoblasts and very thin-walled capillary vessels. The arrangement 
of the osteoblasts in columns is followed almost at once by the appearance of fine bony 
trabeculae. 

Amongst the osteoblasts towards the periphery of the cartilage there are numerous 
large multinucleate cells whose cytoplasm stains much more intensely than that of the 
chondroclasts and whose nuclear network is composed of thicker strands and granules of 
chromatin. These are believed to be osteoclasts. Their function at this stage would be, 
presumably, to break down the barrier to osteogenetic invasion of the cartilage, created 
by the deposition of the very complete squame upon its surface. 

The “pterygoid” process of the quadrate ossifies very soon after the otic process. Its 
manner of ossification is very similar to that just described; there is, however, very 
little extraperichondral ossification. 


The two articular regions do not ossify till very much later than the rest of the 
bone. 
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Fig. 18.—HKmu, 40 mm. Transverse section through the quadrate and its articulations 
with the articula. 


10. The Articula. 


This cartilage does not commence to ossify until it has reached nearly adult size. 


I have no preparations of birds sufficiently old to enable me to describe the manner of 
the ossification. 


11. The Membrane Bones. 


These are all ossified earlier than the cartilage bones and in a manner so similar, 
one to the others, that the general description already given describes each of these, so 
that nothing need be added. 


12. The Articulation of the Anterior End of the Pterygoid Bone. 

The articular process for the fore end of the pterygoid bone, which is found in many 
birds, is developed by the extraperichondral ossification of a nodule on the side of the 
presphenoid bone. The outer surface of this nodule becomes clothed, late in embryonic 
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life, by a cartilaginous meniscus. This meniscus is probably not related genetically in 
any way to the cartilage of the presphenoid bone, on which the nodule is developed. 
This is suggested by the fact that this meniscus does not differ histologically in any way 
from that which is developed on the articulating surface of the pterygoid, from which 
it is only separated, at first by a lamina of mesenchyme and later by the joint cavity 
which is developed between the opposing surfaces (Fig. 18). 


IV. SUMMARY. 


The ossification of the avian chondrocranium has been studied in sixteen species, 
and this has been compared with the ossification of the chondrocranium in a repre- 
sentative series of embryos of fish, amphibians, reptiles and therians. 

Generalizations which emerge from the study are: (1). Ossification of cartilage 
bones is always a process of replacement of the cartilage by bone which is developed 
from osteogenetic mesenchyme, which is situated between the outer fibrous layer of the 
perichondrium and the cartilage, and the process of replacement ossification of 
cartilage always begins as an ectochondral ossification, and is completed by endochondral 
Ossification, this last being the real replacement phase. (2). Membrane bones are not 
developed from membrane, but from osteogenetic cells, which appear as aggregations 
or condensations of cellular tissue in the general mesenchyme. (3). There is no actual 
ontogenetic relation between cartilage and its replacing bone, beyond the bare fact that 
the cartilage, at times, foreshadows the shape of the future bone. The relation between 
the osteogenetic tissue and the cartilage is to be regarded as a spatial one only; the bone 
is not developed from the cartilage. 

The terms ‘‘ectochondral”’ and ‘endochondral’ may be used as_ descriptive 
designations for the introductory and main phases of the complete process. 

Within the birds a peculiar variety of ‘“‘extraperichondral” ossification is observed 
in several locations around the chondrocranium. This differs from the _ typical 
ectochondral phase in that the outer, membranous layer of the perichondrium undergoes 
complete dissolution, and bone is developed in the adjacent mesenchyme at varying 
distances from the original position of the osteogenetic tissue, inside the membrane. 
Though a striking feature of the developing avian skull, this extraperichondral 
ossification is found not only amongst the Aves, but is to be observed in all vertebrates 
where a cartilage bone ‘‘extends in membrane’”’. 

The basitemporal bones and the parasphenoid rostrum are extraperichondral portions 
of the basi- and presphenoid bones respectively and not membrane bones as has hereto- 
tore been believed. 

Extraperichondral ossification differs in several important and obvious features from 
the ossification of the membrane bones. 

The basipterygoid process of the avian chondrocranium is a ‘“‘basi-polar’’ process, 
but is probably homologous with that of the reptiles. The polar cartilage is certainly 
not a part of the trabecula. The designation basitrabecular as applied to the basipterygoid 
process is therefore misleading and should be discarded. 

The avian alisphenoid is developed in relation to a cartilage which presents all the 
varying relations to the branches of the fifth nerve presented by the therian alisphenoid 
cartilaginous precursor; therefore both the cartilage and the bone must be regarded 
as homologous with the same structures in the therians. 
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APPENDIX. 
Materials and Method. 


Besides the emu material already detailed, the following avian embryos have been studied. 
The lengths given are those of the head: 
Acrocephalus australis Gould; 6:0 and 7:1 mm. 
Apteryx; 58 mm. 
Botaurus poeciloptilus Wagler; 21-2 mm. 
Erythrogonys cinctus Gould; 11:0 and 12:8 mm. 
Fulica atra L.; 20:1 and 22:3 mm. 
Himantopus leucocephalus Gould; Ossification well advanced. 
Iridepara gallinacea Temm.; 4:5 and 9-7 mm. 
Melopsittacus undulatus Shaw; 13, 14, 15, 16, 17, 18 and 19 day embryos and chick. 
Phalacrocorax varius Gmelin; 11:3 and 14:6 mm. 
Podargus stigoides Latham; 15-2 mm. 
Podiceps sp.?; 7:0, 9:0 and 11:7 mm. 
Recurvirostra novaehollandiae Vieillot; 12:1 and 18:6 mm. 
Thraskiornis molluca Cuvier; Ossification well advanced. 
Gallus; 29, 48 and 72 hours and 9, 10, 11, 12 and 13 day embryos. 
Anas; 6, 7, 8, 9, 14 and 16 day embryos. 
These embryos were fixed in Bouin’s solution and either stained in bulk in Grenacher’s 
alcoholic borax carmine or on the slide in Delafield’s haematoxylin. The very small embryos 
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were embedded in paraffin and cut at 204. The larger embryos were embedded in nitrocellulose 
and cut at 50 or 100m with occasional sections at 25m for histological study. 
The other embryos which were studied for comparative purposes were as follows: 
Fishes: Tandanus, Cnidoglanis and an unidentified Carangid. Polypterus. 
Dipnoi: Lepidosiren. 
Urodela: Amphiuma, Amblystoma and Siren. 
Anura: Hyla, Crinia, Myxophyes and Lymnodinastes. 
Caecilia: Herpele, Dermophis, Geotryptes, Ichthyophis and Caecilia. 
Chelonia: Chelodina and Chrysemys. 
Lacertilia: Physignathus, Hinulia (Lygosoma), Tiliqua, Varanus and Diphorophus. 
Ophidia: Python, Notechis, Pseudechis and Dendrophis. 
Theria: Platypus, wallaby, rat, mouse, rabbit, sheep and pig. 
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NOTES ON SOLVENT EXTRACTION OF TORBANITE. 
By J. A. DutHUNTY, B.Sc., Linnean Macleay Fellow of the Society in Geology. 
(Plate vii; two Text-figures.) 


[Read 19th August, 1942.] 
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INTRODUCTION. 


Considerable research work has been carried out on the extraction of coal with 
organic solvents at their boiling-points under atmospheric pressure, and also at higher 
temperatures under high pressure. The results of this work have been summarized by 
Bakes (1933). The best yields have been obtained by using solvents such as benzene, 
pyridine, tetraline and cyclohexanone. Extractions with benzene under pressure have 
yielded products amounting to 17% on a dry, ash-free basis, and with pyridine and 
tetraline yields as high as 35% have been obtained. The products of extraction appear 
to consist mainly of solid and oily bitumens, very little, if any, liquid hydrocarbons or 
true oils being present. 

The action of solvents on coal which has been derived from vascular plant debris 
involves the extraction of sparingly soluble bitumens that form part of the coal substance, 
as well as the so-called “pyrobitumens” produced by heat. Solvent extraction of 
torbanite, derived from non-vascular organisms of a specialized nature, presents a some- 
what different problem. The organic constituents, gelosite and retinosite, are extremely 
insoluble in all organic solvents at temperatures below 300°C. Extractions for long 
periods of time, using common solvents at their boiling-points, under atmospheric 
pressure, yield less than 1% of extract on an ash-free basis (Petrie, 1905). It has been 
tound, however, that the organic matter of torbanite permanently changes to a soluble 
form as a result of heating at temperatures between 320° and 380°C., and particularly 
in the region of 360°C. This change in the vulnerability of the organic matter to solvent 
action accompanies the development of a pliable, or ‘rubbery’, condition, which has been 
noted by many people and attributed to various causes. Early attempts to explain the 
pliable condition were based on the assumption that oily hydrocarbons were actually 
present in the torbanite, and it was suggested that these commenced to melt and become 
pliable before being distilled during retorting. It can now be shown by solvent 
extraction, that the products causing the pliable condition are quite different from the 
crude oil produced in retorting, and also from the organic matter originally present in 
the torbanite. The increase in solubility of certain oil shales, at temperatures above 
300°C., was believed to be due to changes in the walls of the organic cells, allowing 
solvents to attack the substance of the cells as a whole. Microscopic examination of 
torbanite, preheated at 375°C., shows no evidence of physical change in the nature of 
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the cell walls. The results of research by recent workers indicate that a molecular 
rearrangement, or change, occurs in the organic matter of torbanite at a temperature 
of about 360°C., prior to the thermal decomposition into dry gas, oil vapour and carbon, 
which takes place during the later stages of retorting. 

In 1932 the author, while carrying out retorting tests on Ulan and Baerami 
torbanites, first noted the development of the pliable condition due to this structural 
change, and the fact that the resulting rubbery mass could be partially dissolved in 
benzene, chloroform and kerosene, and consequently tests were made on the action of 
different solvents on preheated torbanite early in 1940. Later, Professor F. A. Eastaugh, 
of the University of Sydney, mentioned to the author that he had noted an increase in 
the susceptibility of torbanite to solvent action after heating above 300°C. Professor 
J. C. Earl, of the University of Sydney, also mentioned possible results from heating 
torbanite in the presence of a liquid at high temperatures. In 1941, Mr. L. J. Rogers, 
Department of Supply and Development, suggested the importance of investigating 
pressure-solvent extraction of torbanite, and Mr. R. F. Cane, National Oil Pty. Ltd., 
observed that the products responsible for the pliable condition in heated torbanite 
could be dissolved in common organic solvents. K. Luts (1934) noted an increase in 
the solubility of the “kerogen” in HEsthonian algal limestone, at temperatures above 
170°C., and described the formation of “bitumen” between 350° and 380°C. Experiments 
in the thermal solution of Volga and Gdov shales have been carried out by Russian 
workers (Diakova and Stepantzeva, 1940) who appear to have obtained successful 
results, although literature dealing with their investigations is not available at present 
in Australia. Early in 1942 the author, by special arrangement with the Linnean 
Society of New South Wales, commenced systematic quantitative research on solvent 
extraction of torbanite. This work was made possible by assistance from the Common- 
wealth Research Grant to the University of Sydney in obtaining special equipment, by 
generous co-operation of the Sydney Technical College in construction of high-pressure 
apparatus, and by valuable technical advice given by Mr. L. J. Rogers. 

The preliminary results recorded in this paper deal with technique devised for 
quantitative solvent extraction of torbanite, pressure-benzole extraction, relations 
between temperature and the formation of soluble product, and the formation of soluble 
product at constant temperature. 


APPARATUS. 


The high-pressure vessel, illustrated in Fig. 1, was designed with the object of 
carrying out extraction under high pressure at temperatures above the normal boiling- 
points of solvents; heat treatment of torbanite at atmospheric pressure, or under high 
pressure generated by heating calculated quantities of liquids above their critical 
temperatures; and chemical treatment, including hydrogenation, of torbanite and 
products of extraction at high temperatures and pressures. The vessel is similar, in 
some respects, to the laboratory hydrogenation converter used in England by the 
Council for Scientific and Industrial Research at the Hast Greenwich Fuel Research 
Station. It was constructed from mild steel and designed to withstand a safe working 
pressure of 5,500 Ib. sq. in. at ordinary temperatures, and 2,000 lb. sq. in. at an internal 
temperature of 500°C., using a safety factor of three. The lower flange and the body 
of the vessel were constructed from one piece of steel. The spigot head closing the 
cylinder is held in position and forced into the top of the cylinder by means of the top 
flange, which is bolted to the lower flange with eight 12 in. bolts. The junction between 
the spigot and the cylinder is of the metal-to-metal, compression-line-seal type, consisting 
of upper and lower cones, turned on the spigot, at angles of about 8 and 20 degrees to 
the vertical, respectively, and one cone on the inside of the cylinder at an angle of about 
12 degrees. The line-seal is obtained at the junction of the three cones, and it has 
proved very successful, requiring only a small pressure on the bolts between the two 
flanges. 

A thermocouple sheath is provided by means of a blind tube screwed and welded 
to the inner surface of the spigot head, through which a 3% in. hole passes to the 
exterior. The pressure gauges and needle-valve are attached to the vessel by a tube 


Ge MW 


SS il 
BGK 


Tae == 
2 Ces 


SI SW 


we eecee RSE SS 
SRMQQa 


Ta) 

v 
wv 

OT w 
ae 
6) 

at 
= 
a 

OF = 
oO 
va) 


BY J. A. DULHUNTY. 241 


ot 3 in. bore, screwed and welded into the upper surface of the head, and connected with 
the cylinder by a 3 in. hole through the spigot. The high-pressure gauge, situated 
below the needle-valve, is in direct communication with the cylinder. The low-pressure 
gauge, connected above the valve seat, is brought into operation only when the valve is 
opened. This gauge may be used for recording small residual pressures, at known 
temperature and constant volume, thus obtaining the volume of gas formed, or remaining 
unused, after an operation when it is too small to be recorded accurately on the high- 
pressure gauge. 

The success of the cone-in-cone seal between the spigot and the cylinder depends on 
the formation of a narrow surface at the junction of the three cones. This surface tends 
to become wider each time the head is removed, and greater pressure is then required 
on the flange bolts to give an effective seal, making the head difficult to remove. To 
avoid this, provision was made for charging and discharging the vessel without removing 
the head. Gases can be charged through the cock on the connection to the low-pressure 
gauge. In the case of liquids, the needle-shaft is removed from the valve, and a fine 
metal tube inserted through the valve into the cylinder. The liquid is then introduced 
through the tube, allowing displaced air to pass out at the same time. Solid material in 
the form of powder can be injected by first mixing it to a paste with a suitable vehicle, 
and then pumping or washing it into the cylinder through a fine tube inserted at the 
valve. Liquids and powders ean be discharged from the vessel by using a suction system 
attached to a tube, passing through the valve, to the base of the cylinder. The last of 
the powder can be washed from the cylinder by adding liquid at the valve, while the 
discharging system is still operating. 

Liquid can be removed from the vessel by decantation, leaving a residue for further 
treatment. The solid material is allowed to settle, and then the liquid is pumped out by 
means of a fine tube, inserted through the valve, to a predetermined level near the base 
of the liquid layer. The remaining residue may be washed by lowering the tube to the 
base of the cylinder, and pumping in a measured quantity of liquid. The tube is then 
raised to the previous level, and the liquid again pumped out, after allowing the residue 
to settle. This may be repeated several times until sufficient of the original solution 
has been removed to meet the requirements of accuracy for the particular work being 
carried out. 

If the vessel is to be used as an extractor, and continuous concentration and 
recirculation of solvent through the residue is necessary, as in the Soxhlet extraction 
system, the following procedure may be adopted: 

An extraction thimble, containing the material to be extracted, is suspended 
immediately beneath the thermocouple sheath with a small funnel passing from the 
lower end of the sheath to the bottom of the thimble. The vessel is heated, and brought 
to constant temperature, which is maintained by means of an external thermocouple 
placed in the furnace. The internal thermocouple is then withdrawn, and a metal tube 
inserted in its place for the purpose of blowing a current of cool air into the sheath. 
This cools the sheath considerably, and condensation of the solvent occurs on its outer 
surface within the cylinder. The condensed solvent flows through the funnel to the 
extraction thimble, passes up through the material being extracted, and eventually over- 
flows into the bottom of the cylinder, where the extract is concentrated as the solvent 
continues to vaporize. 

During the extraction of very finely divided powders of low specific gravity, much 
solid material is carried over from the thimble to the base of the cylinder, as in the 
case of torbanite powder, which becomes finer as extraction proceeds. This difficulty 
has been overcome by dispensing with the extraction thimble, and using in its place 
a long funnel passing from the lower end of the thermocouple sheath to the bottom of 
the cylinder. The powder is then introduced into the cylinder and allowed to remain 
at its base, and the solvent, after condensing on the sheath, flows down through the 
funnel and passes up through the layer of powder. 


PRINCIPLES OF HEAT TREATMENT AND EXTRACTION. 
The physical and optical properties of gelosite and retinosite—the organically derived, 
oil-producing constituents of torbanite—have been described by the author (Dulhunty, 
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1939 and 1941a); and the physical effects of heat on these substances have been 
investigated (Dulhunty, 1941b). It is evident that the organic matter of torbanite has 
been derived from a specific type of original organic debris, which consisted essentially 
of microscopic unicellular algae. The transformation of the substance of the algae into 
the organic matter. of torbanite took place over long periods of geological time, as a 
result of specialized conditions of burial and subsequent preservation. Extensive 
polymerization of organic molecules appears to have occurred during the change, giving 
rise to the hard, brittle and insoluble gelosite and retinosite of torbanite. The 
structural nature of these substances is, as yet, obscure; but it is certain that they 
may be looked upon as highly condensed masses of very large molecules, extremely 
resistant to solvent action and chemical attack, including atmospheric oxidation and 
natural weathering processes. It is difficult to dissolve more than 1% of the organic 
material by extraction with organic solvents at their boiling-points for long periods of 
time. Treatment with benzene, under pressure at a temperature of 270°C. for 24 hours, 
yields no more than 1:5% extraction of the organic constituents. 

The whole success of solvent extraction of torbanite depends on the conversion of 
the insoluble organic matter to a soluble form by heat treatment. Heated at temperatures 
below 300°C., torbanite undergoes no apparent change, physically, microscopically or 
chemically. When heated between 300° and 400°C., particularly in the region of 345° to 
360°C., a remarkable change occurs, rendering the organic material almost completely 
soluble in certain organic solvents, without the evolution of gases, or oil vapours, or 
the production of any microscopical changes of any consequence. A ..certain physical 
change, however, accompanies the formation of soluble products, and this is the develop- 
ment of the well-known pliable condition, or “rubberiness’’, which occurs prior to the 
evolution of oil vapours when torbanite is heated. At temperatures above 400°C., during 
the retorting process which is employed to obtain crude oil, thermal decomposition of the 
soluble material, or intermediate product, takes place, accompanied by the production 
of oil vapours, dry gas and carbon. It is evident that the soluble, intermediate products 
formed at about 360°C. are responsible for the development of the “rubbery” condition. 

The nature of the change in the organic matter, from the insoluble to the soluble 
form, is not clearly understood; but the opinion of recent workers, including Mr. R. F. 
Cane, who has carried out excellent work on the thermochemical properties of the Glen 
Davis torbanite, favours the conception of a molecular rearrangement, or structural 
change. This change would appear to be only slight in relation to the molecular 
structure, but far reaching in its effects on the solubility of the material, and probably 
represents a partial depolymerization of the highly condensed mass. 

It follows, from the foregoing discussion, that solvent extraction of torbanite may 
be carried out in two different ways. One method is to preheat the material at tempera- 
tures between 350° and 400°C., for a sufficient length of time to convert the organic 
matter to the soluble form, and subsequently extract at a lower temperature, using a 
solvent such as benzole with a low critical temperature, either at the normal boiling- 
point of the solvent under atmospheric pressure, or at higher temperatures under high 
pressure. The second method consists of extracting at the temperature necessary to 
produce the soluble material, which is 350°C. or higher, and removing the soluble 
products as they are formed. This could be accomplished at low pressure by using a 
solvent with a normal boiling-point higher than 350°C., or under high pressure, by using 
a solvent with a lower boiling-point, but possessing a critical temperature above 350°C. 

The samples used for the extractions described later in this paper were prepared by 
powdering the torbanite until microscopic examination showed that the largest particles 
were smaller than the gelosite and retinosite bodies, which are about 0-01 in. in diameter, 
or fine enough to pass a 40 mesh I.M.M. sieve. j 

The physical changes which take place in the powder as a result of preheating and 
extraction, were examined on: account of their importance in connection with the design 
of a suitable extractor. It was found that the powder showed no tendency to coke, or 
cohere, during preheating at temperatures up to 400°C., and extraction with benzole 
up to 270°C. The “rubbery” condition, caused by preheating, gives the powder a 
“springy” nature, and, although quite loose, it does not flow as readily as the unheated 
material. When heated above 400°C., the particles commence to cohere, and the powder 
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eventually fuses into a semi-liquid mass as thermal decomposition proceeds. This may 
be avoided, however, as temperatures above 400°C. are unnecessary in rendering the 
organic matter soluble. 

The photomicrographs in Plate vii illustrate the effects of solvent extraction on 
preheated torbanite from Baerami and Glen Davis. In the original powders (Plate vii, 
A and B) the individual particles consist mainly of translucent gelosite and retinosite 
with small fragments of matrosite and humosite which formed the opaque groundmass 
in the torbanite. During extraction the gelosite and retinosite are removed, and the 
minute grains of the opaque insoluble constituents become separate particles. This 
causes the powder to become finer as extraction proceeds, until all the extractable 
material has been removed, and the residue consists of an extremely fine, black powder 
containing grains no larger than 0-005 in. (Plate vii, C and D). These grains, which 
possess an angular form caused by the. grinding process, show no signs of coking, or 
rounding, due to solvent action. This indicates that the matrosite and humosite of 
torbanite are unaffected by preheating and solvent extraction. 


THE. SEPARATION OF SOLVENT FROM EXTRACTED PRODUCTS. 

The suitability of a solvent for use in the extraction of torbanite depends on 
numerous factors, including its boiling-point, critical temperature, stability at high 
temperatures, solvent action, chemical. reactivity towards the solute, properties 
determining its ease of separation from the extracted products and its economic 
possibilities. In obtaining the majority of the results recorded in this paper benzene 
was used as the solvent on account of its stability at high temperatures, good solvent 
properties, narrow boiling limits, relative chemical inertness and ease of separation 
from the extracted products. The solvent was prepared by fractionating commercial 
benzole and collecting the fraction boiling between 80° and 81°C. 

Early attempts to separate the solvent from the soluble products, after extraction, 
consisted of concentrating the solution to small bulk by distilling off most of the benzene, 
and then drying the product under reduced pressure at temperatures between 60° and 
100°C. All the solvent was removed in this way, but considerable quantities of the 
product were lost, due to the fact that small amounts of low-boiling hydrocarbons 
constitute part of the soluble product extracted from preheated torbanite. Attempts 
to remove the last of the solvent by chemical means were also unsatisfactory. It was 
found, however, that benzene could be separated from the extracted oils of low boiling- 
point by careful fractionation. Quantitative tests were carried out by adding measured 
quantities of benzene to crude oil produced by retorting torbanite, and to benzene-free 
extract obtained by chloroform and pyridine extraction. These mixtures were fractionated 
and in each case quantitative separations were effected. When solutions from benzene 
extraction were fractionated, it was found that the weights of extracted products agreed 
closely with the actual weight lost by the samples during extraction. They also agreed 
closely with the calculated loss based on proximate analyses of the fresh torbanite and 
residues after extraction. 

It was concluded from the foregoing results that the quantitative separation of 
benzene and product could be satisfactorily carried out by fractionation, and the 
tollowing simplified procedure was adopted as a routine method in determining the 
weight of product obtained by extraction: 

The extract solution was placed in a flask fitted with a Golitedz still-head and 
immersed in an oil bath. The bulk of the benzene was distilled off between 79° and 
85°C., and added to the solvent stock. The temperature of the residue was then 
gradually increased to 170°C., at which it was held until distillation ceased. On cooling, 
the residue was weighed as benzene-free product. The distillate boiling above 85°C. was 
refractionated with the object of separating the small quantity of product which distils 
over with the last of the benzene. It was found that this usually amounted to less than 
3% ot the total product. The product oxidizes readily, even at room temperature, with 
the formation of an insoluble product. This must be prevented as far as possible during 
the filtration and concentration of the extract solutions. If suction is used during the 
filtration, care should be taken to prevent air from passing through the residue before 
filtering and washing have been completed. 
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PRESSURE-BENZENE EXTRACTION OF PREHEATED TORBANITE. 


Experiments in pressure-benzene extraction of preheated torbanite were carried out 
on a sample from the Glen Davis deposit. Tests were made to determine the advantage 
to be gained by using some means of circulating fresh solvent through the powder during 
extraction. It was found that the powder could not be retained in an extraction cup, as 
it became increasingly fine during extraction. It was also found that yields obtained 
by employing the method already described for returning condensed solvent to the 
base of the cylinder, and allowing it to flow up through the powder, were no greater 
than those obtained by merely placing the powder and solvent in the cylinder and 
exposing the flanges, at the head of the extractor, to the air outside the furnace. From 
this it was concluded that the slight cooling of the head caused condensation at the top 
of the cylinder and kept the solvent actually boiling, thus causing sufficient mixing of 
the powder and solvent to extract all the soluble products. Furthermore, the low specific 
gravity of torbanite, together with its expansion when heated (see Dulhunty, 1941b), 
facilitate the mixing of the powder and solvent. 

In view of the foregoing results, no provision was made for circulation of fresh 
solvent during the extractions, which were carried out as follows: 

The torbanite was crushed and ground to pass a 40 mesh I.M.M. sieve, and dried 
to constant weight at 120°C. After drying, 250 gm. of torbanite were mixed with benzene 
sufficient to wash the powder into the extractor, by the method already described, and 
additional benzene added to bring the total volume to 1,000 ml. Air was expelled from 
the extractor by boiling the solvent, with the valve open, until benzene commenced to 
condense at the outlet. The valve was then closed, and the temperature raised to 270°C., 
the pressure amounting to 560 lb. sq. in. This temperature was maintained for 16 hours, 
and then the extractor was cooled to 75°C., at which there was no residual pressure. 
After allowing the powder to settle, 700 ml. of solvent were drawn off from the liquid 
layer above the residue and filtered. The residue was then stirred and washed by 
adding 1,000 ml. of fresh solvent through a tube extending to the base of the cylinder. 
After allowing to settle for 2 hours, 1,000 ml. of liquid were again withdrawn, filtered 
and added to the original solution. It was calculated that two washings of 1,000 ml. 
each, under these conditions, would leave no more than 2% _ of the original solution in 
the extractor. Thus it was decided to wash twice with 1,000 ml. after each extraction. 

The solution from the first extraction (described above), in which the torbanite 
had not been preheated, contained extracted product amounting to 0-75% of the total 
organic matter in the sample, i.e., on an ash-free basis. 

The residue from the first extraction was then preheated at a temperature of 350°C. 
for 18 hours in the following manner: 

The residue from the filtration of the first extract solution was returned to the 
extractor with 400 ml. of benzene, bringing the total volume to 700 ml. -Air was expelled 
from the extractor, the valve closed and the temperature raised to 350°C., the pressure 
rising to 1,200 lb. sq. in. After maintaining this temperature for 18 hours, the extractor 
was cooled to 40°C., and the residual gas pressure, amounting to 13 lb. sq. in., was 
measured. This residual gas, occupying a volume of 4 litres at atmospheric pressure 
and room temperature, would represent, approximately, 2% by weight of the original 
sample on an ash-free basis. 

A second extraction was then carried out, using 800 ml. of benzene at a temperature 
of 270°C. for a period of 8 hours. After cooling, the extract solution was withdrawn, and 
the residue washed twice with 1,000 ml. of benzene. The yield of product from this 
extraction was 74%, constituting a remarkable increase on the yield of 0-75% obtained 
in the first extraction before preheating. 

The residue from the second extraction was then subjected to a second preheating 
at 400°C., under a pressure of 1,200 lb. sq. in. for a period of 5 hours, the total time above 
the temperature of the first preheating being 64 hours. On cooling, there was no residual 
pressure at 75°C., which indicates that no low-boiling spirit, or dry gas, had been 
formed. <A third extraction was then carried out, using 800 ml. of benzene at 270°C. 
for 8 hours. This extraction yielded 14% of product. 
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A proximate analysis of the residue at this stage gave 10:2% of volatiles, so it was 
preheated again at 400°C. for 2 hours, followed by extraction at 270°C. for 6 hours, which 
yielded an additional 2:1% of product. 

The results of the foregoing extractions, together with Gray King Assay figures and 
proximate analyses (all of which were carried out on portions of the same sample) are 
summarized in Table I. The Gray King Assay was carried out at the laboratory of 
National Oil Pty. Ltd., Glen Davis, and represents the maximum oil yield under ideal 
retorting conditions. 


TABLE 1. 
Comparison of Results of Solvent Extraction and Low Temperature Carbonization of Torbanite. 


Yields in Per Cent. by Weight 


on Ash-free Basis. Specific Oil Yield 
Treatment. Gravity in Galls. 
Organic of Oil. per Ton. 
Oil. Gas. Residue. Total. 
Solvent extraction ay ee 90-1 1:0 11-7 102-8 0-92 172 
Gray King retort Ae te W324 8-9 17-3 99-9 0-80 141 
Sample. Moisture. Volatiles. Fixed Carbon. Ash. 
Fresh torbanite. . te 0:3 66°4 11-6 21-7 


Extraction residue ag — 6-5 19-5 74:0 


It will be noted that the oil yield from solvent extraction is considerably higher 
than that obtained by retorting, and the amounts of dry gas and organic residue (mainly 
carbon) are correspondingly lower. This is due to thermal decomposition during 
retorting, in which process the soluble products (sp. gr. 0:92) are first formed between 
350° and 400°C., and then cracked at temperatures above 400°C. into lighter oils 
(sp. gr. 0-85), gas and carbon, involving a loss of about 16% of the total organic matter. 
The yield by solvent extraction represents an increase of about 31 gallons per ton, or 
22% by volume, on the yield from retorting. The extraction residue contained 6:5% 
of volatiles, which probably indicates the presence, in the original torbanite, of small 
quantities of organic matter derived from the vascular plant material which cannot be 
extracted by heat treatment and solvent action. The 19:5% of fixed carbon in the 
residue would represent coke formed by the decomposition of the insoluble vascular 
plant material, free carbon present in the torbanite in the form of mineral charcoal or 
fusain, and possibly small quantities of carbon formed during the conversion of the 
bulk of the organic matter to its soluble form. 


RELATIONS BETWEEN TEMPERATURE AND FORMATION OF SOLUBLE PRODUCTS. 


Experiments were carried out with the object of determining the relative amounts 
of soluble product formed by preheating the same sample at each of a series of increasing 
temperatures for a given length of time. In the procedure adopted 250 gm. of powdered 
torbanite were subjected to preheatings at temperature intervals of 20°C. from 300° to 
420°C., and extracted with benzene under pressure after each heat treatment. Each 
preheating was carried out above the critical temperature of benzene, under pressure 
of its vapour, for a period of 2 hours at the preheating temperature, and a total period 
of 4 hours above the previous preheating temperature. The extractions were made with 
1,000 ml. of benzene at 270°C. and 560 lb. sq. in. for 8 hours. After each extraction the 
residue was washed twice with 1,000 ml. of fresh benzene, and the residue from the 
filtration of the extract solution and washings was returned to the extractor before 
preheating again. 

The results of this series of preheatings and extractions are given in Table 2. 
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A TABLE 2. 
Relation between Temperature of Preheatings and Formation of Soluble Product. 


Per Cent. on Ash-free Basis. 


Preheating Weight of Product. 
Temperature. Gm. Independent Additive 
TAGE Result. Result. 
Unheated .. na 1-19 0-61 0-61 
300.. ae a 5-46 2-79 3°40 
BrAN Gi Ae oe 6-47 3°32 6-72 
340.. ese Se 22-62 11-57 18-29 
360... ie oi 80°53 41-19 59-48 
380.. a a 40-97 20-60 80-08 
400.. a ae 18-42 9-43 89-51 
420... A i 1-60 0-82 90-33 


. fe) 
Preheating Temperature C. sscissat or curve A. 
gel) = | SO) 340 360 -_- 380 _400 


Ie) 


790 


Percentages on Ash Free Basis 
30 50 


10 


O 8 i6 24 32 40 
Time in Hours. asscissae or cuave B. 


Fig. 2.—Diagram illustrating relations between temperature and formation of soluble product. 
Curve A, formation of soluble product with increasing temperature; Curve B, formation of 
soluble product at constant temperature of 360°C. 


A very small yield of product is obtained by extracting the unheated torbanite, and 
comparatively small yields after heating at temperatures up to 340°C. There is a sudden 
increase in the formation of soluble products as the result of heating at 360°C., and the 
amounts fall off rapidly above 380°C. The quantity of product formed by heating at 
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temperatures above 400°C. is negligible, indicating that the conversion to the soluble 
form may be completed without exceeding a temperature of 400°C. 

If these results are illustrated graphically (see Fig. 2, Curve A) the preheating 
temperatures and corresponding yields of soluble product being taken as abscissae and 
ordinates respectively, the curve obtained is very steep between 345° and 365°C., being 
concave upwards at the lower temperatures, and concave downwards at the higher 
temperatures. This curve between 300° and 400°C. is very similar in form to the 
curves between 400° and 500°C. for the evolution of volatile constituents during thermal 
decomposition, or retorting (see Dulhunty, 1941b). This means that the formation of 
the soluble, or intermediate product, and its subsequent thermal decomposition, both 
occur between narrow temperature limits separated by about 100°C. In retorting, it is 
recognized that the rate of heating must be gradual and carefully controlled between 
400° and 500°C., while the oil vapours are coming off; but it is usual to increase the 
temperature rapidly up to 400°C., as no vapours are evolved below this temperature. 

In view of the foregoing results, however, it would seem possible that the ultimate 
products of retorting may be influenced by the rate of heating between 300 and 400°C., 
while the organic matter is undergoing fundamental changes and the intermediate 
product is being formed. 

A second experiment was carried out to determine the rate of formation of soluble 
material at constant preheating temperature, and the maximum amount which can be 
formed at a comparatively low preheating temperature. A portion weighing 250 gm. of 
the same torbanite as that used in the previous experiment was subjected to a series 
of preheatings at 360°C. under a pressure of 840 lb. sq. in. of benzene vapour for periods 
of 4, 4, 1, 4, 16 and 18 hours. The weight of soluble product was determined in the 
extract solution and washing obtained from each extraction. 

The results of this experiment give the rate of formation of soluble material under 
the conditions of the product being removed as it is formed. This procedure was 
adopted in anticipation of later work involving extraction at the preheating temperature, 
in which case the product would be removed continuously. In examining the results, 
the amount of product extracted after each preheating, calculated on an ash-free basis, 
was plotted against the time of preheating, in the form of a graph as shown in Fig. 2, 
Curve B. The rate of formation of soluble product is very rapid in the early stages of 
heat treatment. About 50% of the total extractable material is formed during the first 
half hour, after which the rate falls off and becomes increasingly slow, the last 10% 
requiring about 24 hours. The total period of 40 hours, which was necessary for the 
formation of all the soluble product, would be greatly reduced by increasing the tempera- 
ture of preheating, as the mean rate of formation appears to vary as a function of the 
temperature between 300° and 400°C. 

Results recorded earlier in this paper indicate that a maximum of about 90% of 
the organic matter can be rendered soluble by preheating for comparatively short periods 
at temperatures up to 400°C. An important fact established by these experiments is 
that the same quantity of soluble product can be produced at 360°C. by prolonged heating. 
This would seem to imply a certain degree of homogeneity in the chemical nature of the 
organic matter of algal origin. 
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EXPLANATION OF PLATE VII. 


Photomicrographs of torbanite powder and extraction residue. (x 30.) 

A and B.—Torbanite powders from Glen Davis and Baerami deposits, respectively, showing 
particles of translucent gelosite and retinosite. 

C and D.—Residues from pressure-benzene extraction of Glen Davis and Baerami torbanites, 
respectively, showing minute grains of carbon and matrosite. 
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A CONTRIBUTION TO RAIN-FOREST ECOLOGY. 
By D. A. N. Cromer, M.Sc., Dip.For., and L. D. Pryor, M.Sc., Dip.For. 
(Plate vi; eight Text-figures.) 
[Read 22nd July, 1942.] 


I. INTRODUCTION. 


Whilst engaged upon forest surveying in southern Queensland the writers had an 
opportunity to carry out an ecological study of the Rain Forest in that region. 

During the period of three months which the study covered, many specimens were 
forwarded to the Queensland Government Botanist for identification. In addition there 
was opportunity for personal contact, which included discussion of the specimens 
forwarded and an excursion into another rain-forest area with the Assistant Government 
Botanist. 

The authors are indebted to the Government Botanist, to Mr. Francis, and to the 
Queensland Forest Service for facilities to carry out the study. 


II. Previous Work. 


Studies in rain-forest ecology in Australia are relatively few in number. Rankin 
(1932) examined the Rain Forest and Savannah Woodland at Imbil, Queensland, with 
special reference to the soil moisture relationships of the two formations. Swain (1928) 
has given a general account of the forests of Queensland from the point of view of plant 
geography, and has touched upon the ecology. 

The southern extensions of the Rain-Forest Formation have been examined by Fraser 
and Vickery (1938, 1939) at Barrington Tops, N.S.W., by Brough et al. (1924), Petrie 
(1925), McLuckie and Petrie (1926, 1927), at Mt. Wilson, N.S.W., by Davis (1936) in the 
Bulli district, N.S.W., and by Petrie, Jarrett and Patton (1929) in the Blacks’ Spur 
Region, Victoria. With the exception of the Barrington Tops these portions of the Rain 
Forest differ greatly from that at Widgee, both in floristic composition, complexity of 
structure and relationship to the Eucalypt forest. 


III. Arms-anp METHODS. 


This study is intended to provide some record of the Rain-Forest Formation as seen 
at Widgee, and to ascertain, as far as possible, its relationship to the adjacent Savannah 
Woodland. It is felt that any record, floristic or ecological, of this region would be of 
value, especially since it is being so greatly modified by man. 

The ecological coneepts of British and American workers are used as the basis of 
approach, rather than those of the European Continental workers, but as this work is 
in its early stages in Australia, and the complexity of the Rain Forest, as mentioned by 
Phillips (1935) in the Knysna, is no less in this country, emphasis is laid rather upon 
the observed facts than their interpretation according to a particular school of thought. 

Quadrats and belt transects were used to supplement observational field notes made 
in traversing the area in the course of survey work and reconnaissance. Small quadrats 
half a chain square were established, one in Rain Forest and one in Savannah Woodland. 
All plants above 6 feet in height were located by co-ordinates and charted according to 
species and size. 

To study the transitional region, two sizes of transects were used. In one selected 
representative area a transect 5 chains by 1 chain was laid down, and all plants carefully 
charted as was done for the quadrats. Additional information covering variations in the 
transitional zone was obtained by using belt transects one yard wide, which varied in 
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length so as to reach Savannah Woodland on the one hand and Rain Forest on the 
other. 

In view of the possibility of edaphic control, as reported from Mt. Wilson (Brough, 
McLuckie and Petrie, 1924), comparative observations were made on the soils supporting 
the two formations and in particular along the transects. 


IV. Hasirar. 

Figures are not available for the actual area, but it lies roughly within the triangle 
tormed by the towns of Gympie, Woolooga and Kilkivan, with conditions approximately 
intermediate between the moist coastal habitat to the eastward of Gympie, and the drier 
region in the vicinity of Kilkivan. The area lies between twelve and seventeen miles to 
the westward of Gympie, of latitude 26° 11’, longitude 152° 20’. 


1. Climate. 
The mean monthly rainfall at Gympie for a period of 67 years is indicated: 
Jan. Feb. Mar. Apl. May. June. July. Aug. Sept. Oct. Nov. Dec. Total. 
Points: 662 680 603 350 279 268 211 169 212 270 324 544 4,572 
This shows a pronounced summer maximum. The rising temperatures in spring and 
the persistent warmth of autumn introduce two critical periods of which the former is 
the more severe. It is to be noted that for the period of record the total annual rainfall 
has varied from 18 to 80 inches with a mean annual precipitation of 46-5 inches. Frosts 
occur in winter, the absolute minimum being 23°F. The absolute maximum is 108°F. 
Snow has not been recorded and wind does not appear to be critical. 


2. Physiography. : 

The subject area is entirely within the Mary Valley. There is a considerable range 
in elevation which may be appreciated by reference to the contour map (Fig. 1). A large 
portion of the area studied is undulating, but rises at one point to 1,700 feet, where the 
country is in places very steep, rough and rocky. Apart from the main Widgee Creek 
most of the watercourses are dry. 


3. Edaphic. 

The soils of the area are chiefly developed from siliceous rocks of Silurian age 
(silicified sandstone and jasperized shale). They are frequently immature. The soil 
depth varies considerably, exceeding 36 inches on some of the sites of alluvial accumula- 
tion, but usually the C horizon is reached before 24 inches depth. In adjacent Rain | 
Forest-Savannah Woodland areas, the soil is usually deeper in the Rain Forest, but 
depth is by no means limiting, as the latter occurs on rock outcrops and very shallow 
ridges. There is no marked edaphic control of the rain-forest distribution, and soils 
that are very similar in field characteristics support Rain Forest or Savannah Woodland— 
the controlling factor being probably either micro-climatic or developmental. 

It may be noted that the number of roots in the rain-forest soil is far greater than 
in the Savannah Woodland, particularly in the layer from 0-6 inches.. 

Some data are given (Appendix 1) on the analyses of a few soils from this area, 
which will help to characterize them further, and demonstrate their similarity in the 
two formations. 


4. Biotic. 

The activities of man with grazing, firing and felling timber have greatly modified 
the vegetation of the region, and changes are still in progress. As mentioned later, the 
Savannah Woodland is extensively used for dairying, and it is very difficult to find a 
community undisturbed. 

The Savannah Woodland will burn readily nearly every year, due to the presence 
of grass and the accumulation of dry litter. Fires had occurred in the season of 
observation. The Rain Forest is usually immune from fire, only the edges adjacent to 
the Savannah Woodland being affected. Following logging for Hoop Pine, when inflam- 
mable debris is left, fires have been known to penetrate some distance into the Rain 
Forest. 

‘Wallabies and rodents are in evidence, and are to be seen frequently in the ecotone 
region, which probably affords the best protection within reasonable distance of fodder. 
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Members of the Celastraceae—particularly Denhamia—in the Tarrietia-Syncarpia 
Association, are being attacked and killed by a scale insect, it being difficult to find a 
healthy tree. 


V. THE FLORA. 


The Rain Forest is a vigorous development ot the Indo-Malayan flora in Australia, 
most species having close affinity, and some being identical with those outside Australia. 
Of the 119 genera at Widgee, 16 are endemic to Australia. 

The sequence of the largest families in this Rain Forest is as follows: 


1. Sapindaceae 5. Myrtaceae 
2. Euphorbiaceae 6. Meliaceae 
3. Rutaceae 7. Apocynaceae 


4. Rubiaceae 
None of these is endemic to Australia. 
The Savannah Woodland is representative of the Australian native flora, by reason 
of the presence of the genus Hucalyptus. Sufficient data were not collected to permit of 
its analysis, as in the case of the Rain Forest. 


VI. THE PLANT COMMUNITIES. 


Two tormations are readily recognized, namely, Savannah Woodland and Rain Forest. 
The two are totally dissimilar, and may be separated readily from a distance by the 
dense dark green of the Rain Forest as compared with the open grey-green of the 
Savannah Woodland. 

The Savannah Woodland was studied only where it is adjacent to the Rain Forest, 
and is not described for the district as a whole. 

The Rain Forest in this district is found on all aspects and at all elevations. While 
frequently corresponding with the contours, it is not limited by elevation, and, indeed, 
the highest points on the area are capped by it (see Fig. 1). 


: A. The Rain-Forest Formation. 
(a). General. 
The main features of the Rain Forest at Widgee are consistent with the charac- 
teristics of Australian Rain Forests as a whole already described by Francis (1929). 
The characteristics which were particularly noted at Widgee are as follows: 

Buttressed, fluted and corrugated stems were represented, while lianes were 
prominent and epiphytes present. There was a great variety of leaf form and 
texture, bark colouring and texture, stem form and branching habit. 

The Rain Forest has several strata, the height of the dominant tree stratum 
varying from 80 to 120 feet according to the locality. The number of dominant 
species is usually very large, and well-marked consociations are the exception. Grass, 
small shrubs and geophytes are usually very poorly developed, if not entirely absent. 

The presence of Hoop Pine gives this Rain Forest a further distinctive appear- 
ance, aS it occurs as a predominant (Tansley and Chipp, 1926) rising well above 
the general canopy, its coniferous crown being distinguishable from great distances 
(Plate vi, fig. 3). 

The Rain Forest at Widgee is a somewhat drier type than is to be seen nearer 
the coast in the same latitude. The height growth is less, and there are more stems 
to the acre. The Lawyer Vine (Calamus), which is regarded as a moisture indicator, 
is absent, and the epiphytes are reduced in number. 


(b). Classification. 
Two climax communities have been recognized and described as associations. They 
have been named from the most characteristic dominants, as follows: 
1. The Tarrietia-Syncarpia Association. 
This also includes the clearly-defined Syncarpia subargentea Consociation. 
2. The Castanospermum-Grevillea Association. 
In addition, a considerable portion of the Rain Forest is recognized as not having 
fully attained stability, and consequently has been described as the Araucaria Subclimax. 
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(c). The Tarrietia-Syncarpia Association. 

This is a highly-developed community and is the principal Climax Rain Forest of the 
region. It does not occur close to the Savannah Woodland, but is always found some 
distance from the rain-forest edge. 

The predominant Araucaria is to a large extent excluded from the Association. 

On the whole the dominant species, Syncarpia and Tarrietia, are larger than the 
other rain-forest trees usually encountered at Widgee. These two species are by far 
the most common dominants of the Association although many others occur in limited 
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numbers. Syncarpia and Tarrietia are both prominently buttressed, which is a typical 
rain-forest characteristic. 

The dense closed canopy of the dominants overtops a very clearly-defined small tree 
stratum consisting of Myrtus Hillii, Medicosma Cunninghamii, Polyalthia nitidissima and 
Maba spp., etc. Rather discontinuous layers of tall and small shrubs are also present 
together with lianes and epiphytes. 

A charted quadrat (Fig. 2) has been prepared showing distribution and density 
of species and the stratum to which they belong. Reference to the key to species 
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(Appendix 2) will show the presence of Araucaria as a predominant, of Tarrietia and 
Syncarpia in the upper stratum, of Myrtus Hillii and Medicosma in the small tree 
stratum, of Alchornea, Medicosma and Capparis as tall shrubs, and as small shrubs, 
Arytera microphylla and Capparis sarmentosa. 

It will also be noted that regeneration of Syncarpia subargentea occurs in dense 
patches, which in this quadrat are less than one foot high, and that Tarrietia 
Argyrodendron occurs as a tall shrub, which illustrates the ability of these species to 
regenerate under dense canopy. 


The following list indicates the number and general height of the strata within 
the community: 


Predominants .. .. 100-130 feet Tall Shrubs Toe Sens 6— 15 feet 
Dominants ..... .. 70-100 __,, Small Shrubs .. .. below 4 ,, 
Small Trees Fn Si 20- 40 ,, Fern Stratum +5 1 foot 
Floristic Composition. 
Predominants. 
Araucaria Cunninghamii R. Araucaria Bidwilli R. 
Dominants. 
Syncarpia subargentea A-F. Denhamia pittosporoides R. 
Tarrietia Argyrodendron F-O. Rhodosphaera rhodanthema R. 
T. Argyrodendron var. trifoliolata A-F. Vitex Lignum—vitae R. 


W 
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Dominants—countinwed. 


Cupaniopsis anacardioides R. Pittosporum rhonbifolium R. 
C. anacardioides var. parviflora R. Scolopia Brownti R. 
Euroschinus faleatus R. Ficus platypoda R. 
Flindersia australis R. Hugenia Francisii R. 
Brachychiton discolor R. Hymenosporum flavum R. 


Small Trees. 


Medicosma Cunninghamii A. Melicope neurococca O. 
Myrtus Hillii A. Polyalthia nitidissima F. 
Arytera microphylla ¥F. Rhodamnia argentea O. 
Laportea photiniphylla R. Panax elegans R. 

Maba fasciculosa F. Capparis nobilis R. 

M. geminata F. Ailanthus malabarica R. 


Tall Shrubs. 


Alchoriea ilicifolia A. A. ruscifolia O. 
Capparis nobilis A. Randia chartacea O. 
Cleistanthus Cwunringhamii O. Rapanea variabilis R. 


Alyxia ilicifolia O. 


Small Shrubs. 
Arytera microphylla O. Carissa ovata R. 
Capparis sarmentosa O. 


Fern Stratum. 
Dryopteris decomposita LF. Pellaea paradoxa LF. 
Adiantum hispidulum LF. 
With tree seedlings and bryophytes. 


Lianes. 
Lonchocarpus Blackii O. Pisonia aculeata O. 
Malaisia tortuosa O. Pleogyne Cunninghamii O. 


Melodorum Leichhardtii O. 


Epiphytes. { 
Dendrobium gracilicaule O. Asplenium nidus R. 
D. spp. O. Polypodium tenellum (?) R. 


Platycerium bifureatum O. 
Together with a large number of mosses and lichens. 


The occurrence of the Syncarpia subargentea Consociation contrasts with the 
surrounding communities, which have such a variety of species and complex structure. 
In places, it occurs as the only tree in dense stands, with a small shrub stratum of 
scattered or dense treelings of the same species, and frequently a dense bryophytic 
ground cover. 

Medicosma Cunningham occurs as the only constituent of a small tree stratum 
within the Consociation, although it is often absent. 

From this extreme, all stages of transition occur until the Syncarpia merges as a 
dominant in the more common expression of the Association. 

The Consociation frequently occupies moister sites within the Rain Forest. 


(d). The Avraucaria Subclimaz. 

The bulk of the Widgee Rain Forest is not occupied by the Climax Association 
described above, but consists of a community still in the course of modification, which 
has already been designated subclimax since it is followed immediately by the Tarrietia— 
Syncarpia Association. It is in this community that the predominant Araucaria is so 
prominent, for as the climax is approached it is one of the species which tends to be 
eliminated. 

Below these predominants there is a continuous canopy formed by dominant trees 
of great specific variability and high density. Most of the species of the Rain Forest can 
be found at times in this community, and few have sufficient constancy and abundance 
to warrant the status of imparting distinctive floristic characteristics to the community. 
The number of individuals per unit area is considerably greater than in the Climax 
Association with a corresponding decrease in size. These smaller dominants lack the 


or 
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prominent buttresses of their climax counterparts. The well-marked layering of the 
Climax Association is also missing in the subclimax, but instead, below the dominants, 
there are many small trees and tall and small shrubs in a continuous variation of height, 
right up to the dominant layer. Lianes are more plentiful than in the climax though 
epiphytes do not occur so frequently. 

All of the species mentioned as occurring in the Syncarpia—Tarrietia Association 
have been recorded, though with diminished frequency, in the subclimax. In addition 
there are many other species present, and the following supplementary list indicates 
their frequency. For convenience they are segregated into height classes although they 
do not fall into these groups as readily as in the climax communities: 


Dominants. 
Hemicyclia australasica F. 
Alstonia constricta O. 
Vitex acuminata O. 
Lucuma Amorphosperma O. 
Owenia venosa O. 
Flindersia collina O. 


Flindersia Oxleyana R. 
Geijera salicifolia R. 
Sideroxylon Pohlmanianum R. 
Pleiogyrium Solandri R. 
Elaeocarpus grandis R. 


Small Trees. 


Excoecaria Dallachyana F. 
Notelaea longifolia F. 
Strychnos arborea F. 
Tristania conferta O-F. 
Acacia aulacocarpa O. 
Acronychia laevis O. 
Alectryon connatus O. 

A. tomentosus O. 
Alphitonia excelsa O. 
Canthium latifolium O. 
Citrus australis O. 
Claozxylon australe O. 
Croton insularis O. 
Elaeodendron australe O. 
Hrythroxylon australe O. 


Tall Shrubs. 


Canthiwm coprosmoides F. 
C. odoratum F. 

C. vaccinifolium F. 
Clerodendron tomentosum O. 
Exocarpus latifolia O. 
Turraea pubescens O. 


Marlea vitiensis var. tomentosa O. 


Mallotus claoxyloides O. 


Small Shrubs. 


Acalypha nemorum LA. 


Citriobatus multiflorus var. linearis O. 


Cryptocarya microneura O. 
C. australis O. 
Wikstroemia indica R. 
Psychotria daphnoides O. 


Lianes. 


Smilax australis. 
Hoya australis. 
Legnephora Moorei. 
Ventilago sp. 


Hodgkinsoivia ovatifilora O. 
Hormogyne cotinifolia O. 
Jagera pseudorhus O. 
Mallotus philippinensis O. 
M. discolor R. 

Melicope erythrococca O. 
Pittosporum revolutum O. 
Siphonodor australe O. 
Zanthoxylum brachyacanthum O. 
Atalaya hemiglauca O. 
Baloghia lucida O. 
Bridelia exaltata R. 
Mischocarpus anodointus R. 
Rhodamuivia trinervia R. 
Sideroxylon myrsinoides R. 


Wilkiea macrophylla O. 
Cupaiiopsis serrata O. 
Blattostachys nervosa R. 
Pavetta indica R. 

Sarcopteryx stipitata R. 
Celastrus australis R. 
Callicarpa pedunculata R. 
Tabernaemontana orientalis R. 


P. loniceroides O. 

Solanum stelligerum O-LA. 
Wilkiea macrophylla O. 
Nyssanthes diffusa O. 
Monococcus echinophorus O. 


Vitis antarctica. 
V. nitens. 
Jasminum simplicifolium. 


All occur frequently. 


(e). The Castanospermum-Grevillea Association. 

This Association occurs in narrow strips on the banks of the permanent streams in 
the area, and is therefore of no great extent. It shows considerable differences from the 
previous Association, being very poor in specific composition, and of less complex 
structure. .It seems possible that it is in the nature of a post-climax in this climatic 
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region, which is borne out by its limited distribution and close adherence to permanent 
water on river sand-banks. It is an Association which could not be studied adequately 
at Widgee, and its relationship in the Rain-Forest Formation will await further 
investigation. 

The ground is usually covered with seedlings of Castanospermum in all stages of 
development; these seem to survive from year to year. 


Floristic Composition. 
Dominants. 


Castanospermum australe A. Ailanthus malabarica O. 
Grevillea robusta O-F. Podocarpus elata R. 
Melia Azedarach O-F. Dysoxylum Fraseranum R. 


Cedrela Toona var. australis R. 


Small Trees. 
Aphananthe philippinensis O. Pseudomorus Brunoniana O. 


Small Shrubs. 
Cryptocarya australis W-A. Castanospermum australe (seedlings) A. 


Lianes. 
Legnephora Moovrei O. 


B. The Savannah-Woodland Formation. 
(a). General. 

This formation presents features essentially similar to those of the Savannah 
Woodland as first described by Adamson and Osborn (1924), the chief features being 
the rather open park-like spacing of the dominant trees, the presence of a well-developed 
grass stratum and the absence of a dense shrub stratum so characteristic of the Dry 
Sclerophyll Forest Formation. 

The dominant Hucalyptus presents the same physiognomic features as have been 
described for the Eucalypts at Mt. Wilson by Petrie (1925) and Petrie, Jarrett and 
Patton (1929). On the more stony ridges, the grass is apt to become rather sparse, and 
the number of trees per acre increases somewhat. 


(0b). Classification. 

This formation is regarded as being represented by one Association, of which several 
dominants are present, although a more detailed study might warrant the separation of 
others. It is designated the Eucalyptus maculata—E. crebra Association. 

Consociations of H. hemiphloia and EH. melanophloia are recognized and appear to 
differ only in the dominants present, floristic composition and structure being otherwise 
essentially the same. 

E. tereticornis is present in the subject area, occurring chiefly on alluvial flats near 
permanent water. 


(c). The E. maculata—K. crebra Association. 

This Association occupies almost all sites adjacent to the Rain Forest in the region 
studied, but it is only described in a limited manner, and is much more difficult to 
examine over areas of any extent, due to the use of this country for dairying, and the 
consequent destruction of the community. Adjacent to the Rain Forest, however, it is 
readily studied. 

The dominant trees stand well above the other members of the community, reaching 
from 70 to 120 feet in height. A scattered and very discontinuous shrub stratum from 
3 to 10 feet is sometimes found. 

The grass stratum consists of small plants, usually about 1 foot high, and at the 
time of study, consisted mainly of Gramineae. No doubt observations extended over a 
whole season would add to the number of species recorded for this stratum. 

A charted quadrat (Fig. 3) has been prepared showing the limited number of tree 
species and individuals. The reduction in the number of strata is also clear. 

This community has been invaded by Lantana Camara but it does not appear in the 
Rain Forest except where disturbance has taken place, e.g., heavy logging. Whether it 
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ean enter the Savannah Woodland without any disturbance cannot be decided, as this 
community is subject to fire and grazing. In one patch of Savannah Woodland completely 
surrounded by Rain Forest, and presenting no obvious signs of disturbance, Lantana 
was present, but was much less vigorous than is usual. 


50 LINKS 


Floristic Composition. 


Dominants. 
Eucalyptus maculata A. Eucalyptus tesselaris O. 
E. crebra A. E. trachyphloia R. 
E. acmenioides F. E. gummifera R. 
EB. hemiphloia F. Angophora lanceolata O. 
EB. melanophloia O. : A. subvelutina R. 


Shrub Stratum. 
Jacksonia scoparia LF. Acacia Cunninghamii R. 
Dodonaea cuneata LF. Breynia oblongifolia O. 


Grass Stratum. 


Chloris wnispicea A. Themeda australis O. 
Aristida ramosa A. Chenopodium triangulare O (LA). 
Imperata arundinacea O. Chrysopogon pallidus O. 


VII. SUCCESSION. 


There was no opportunity to work out any complete seres in detail, but various 
aspects of development were in evidence. The only prisere to be described is one leading 
to the Castanospermum-—Grevillea Association. This sere commences on the bare areas 
due to the accumulation of sand-banks in the larger creeks. The number of stages 
appears to be quite short. 

Casuarina Cunninghamiana, and Callistemon salignus form the initial associes, 
which gives way to the Casuarina Consocies, and this to the Climax Association. 

The felling and burning subsere of the Araucaria—Tarrietia Association could also 
be observed in one or two wider openings, and appears to correspond with that in 
Araucarian Rain Forest at Imbil. 
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The chief species in the various stages are as follows: 


Phytolacca octandra 
Physalis minima 


First year a pean 
Codonocarpus australe 
Commersonia echinata 
Duboisia myoporoides 


a { Solanum auriculatum 
Three years . : 
| Acacia aulacocarpa 


Huroschinus faleatus 
Many years< Alphitonia excelsa 
Flindersia Oxleyana 


Felling without burning leads to the regeneration of the Rain Forest by coppice from 
the stumps. 

In very small openings such as those made by survey lines, the following species 
make their appearance in the small shrub stratum, and persist for some years: 


Solanum stelligerum. Nyssanthes diffusa. 
Solanum sp. Monococcus echinophorus. 


VIII. THe HEcoronr REGION. 


The width of the transition zone from Rain Forest to Savannah Woodland varies 
greatly. On steep rocky slopes it may be very abrupt—z chain may mean a complete 
change, while in other areas of better site quality, an ecotone region of 10 chains or more 
may exist—the ‘bastard scrub’. Reference to Figures 4 and 5 will show the type of 
variation which occurs in this way. 

The effect of fire as shown in Fig. 4, Transect 3, is to make the change from Rain 
Forest to Savannah Woodland very abrupt. 

The ecotone region shows an increase in the number of species and individuals, 
when compared with either Rain Forest or Savannah Woodland proper. This is illus- 
trated in Table 1 and is also presented for the upper strata on the wide transect in 
Figure 6. 


TABLE 1. 


Distribution of Species and Individuals on Wide Transect with Quadrat in Savannah Woodland and Quadrat in Rain 
Forest for Comparison. 


Wide Transect (Chains). 


Savannah Rain 
Woodland. L. Ii. iil. IV. Wo Forest. 
Savannah f Upper strata .. 4 5 3 1 — a — 
4 Woodland. \ Lower stratum 5 2 1 — — 1 — 
S 
o 
a Rain f Upper strata .. = 2 9 14 23 18 11 
Forest. | Lower stratum — 25 37 31 25 28 19 
Totals MN oe < 9 34 50 46 48 47 30 
( Upper strata .. 27 24 12 3 — — — 
Savannah < Lower stratum 
= Woodland. | (excluding grass 
= (layer) 27 45 4 — = 4 = 
2 
5 Rain f Upper strata .. — 4 3 40 46 39 64 
Forest. | Lower stratum — 99 236 335 290 220 180 
Totals An 5c ae 54 172 265 378 326 263 244 


Total basal areas (sq. ft.) of all 
individuals over 4 in. diam. .. 18-6 17-6 12:0 20-7 125 14-7 19-8 


260 


RAIN-FOREST ECOLOGY, 


§ CHAINS 


oT 


Comal 


ay 


Ww 


Eucalyptus 
meculata 


xe 
aN 


Eucalyptus 
acmenioides 


na) 


AS 


/ o anthium 
AK. latifolium 


aba gemina ta/\ Euc. crebra 


Zin 7 Canthium 


oprosmoides 
VN 


Acacia a 
aulecocarpa My 


Araucgria : 


tnghami it 2 k 
unnnehantsZ\ /y , PSXSBRAD Bes 
Psychotria Tetoe 
poroides 
° GENES Ad poychotria 


daphnoides 


A Maba geminata 
Maba geminata AA Reyehotnts 
Psychotria " Eye nerkO5 


daphnoides Nike re 


vaba geminata /\ /\ Canthiun 


5 odoratim 
BEN et JAVA S4phonodon 
' australe 

Centhium 
odopatun 


Rhodosphaera A! 
rhodanthema | Acacia 
iO aulacocarpa 


; 4 ‘ 

Maba geminata AA pravcaria an 

pc ac anoccarna Aw recoprapzoides 
a 


Euroschi 
Pelontis A #euneinthamtt 
Euroschinus 


Fsychotria 
teohnelces OO) py btacha 
: conferta 


1 
iA Araucaria 


Cunninghamii 
Notclaea AA  unidentiried 


piongtfolia: “Ai 
Psychotria Canthium 
Gaphnoides yas coprosmoides 
De ia Cupaniopsis 
pi Bedoroides A rangcar 
(0 Araucaria Cunn. 


‘a flodgkinsonia 


ovatiflora 
1 
Araucaria 1 
Cunninghami 4 
vaba geminata /\![] Maba geminata 


Capparis nobilis ! oO Panax elegans 
Canthium 
coprosmoides +5 Maba geminata 


A hraucaria 
Cunninghamii 


Cupaniopsis 
anacardioides 


7 
Sideroxylon Ap Mabe Geese 


mynesnoides cetde eifolia 
' Remicyclia 
ie ais tral@eies 
c Melodorum 
Eteentosum AN Leferhardtii 
REE 1 
licifolia 1 
Sideroxylon 


1 myrsinoides 


A Alchornea 
T 1licifolia 


! 
! 


Maba geminata 
Alchornea 


I 
Sideroxylon o:o0 
> ilicifolia 


myrsinoides A 
' 

' 

! 

——>— 


\ 
+ Laportea 
1g) = Pohotiniphylla 


4 


dioides 


N 


\ 


WW 


SLE 


Eucalyptus 
hemiphloia 


LK 


XY 
0 


Tristania 
conferta /\ 


A 


LE 


LL 
Le 
(a4 Tristania 


7 Acacta 


aulacocarpa 


Tristania 
conferta 


conferta 


Le peccee 


Hiabal gemiontA\ we aulacocarpa 


gees all 


yMaba geminata 
Tristania 


Ue, conferta 
Euroschinus 2 
falcatus Ay, 
Iai Arristania 
Sa ea conferta 
| 
| 
A Psychotria 
daphnoides 
<4+— 
| 
A Tristehia 
Cupaniopsis ? A conferta 
Maba geminata 
Psychotria 
Tristania 
conferta i i aphnoides 
A Tristania 
1 conferta 
Tristania i 
conferta ‘ 
l 
' 
\ 
( Fucalyptus 
. maculata 
A vaba geminata 
A Cupaniopsis 
; anacardiéides 
Rhodosphaera 7 var .parviflorr 
rhodanthema 
Acalypha 
H nemorum 
Tristania 
Croton O 
aren | Cores 
Mabe zeninata A 
Tristeni 
O conferta 
AV Acacia 
Sucalyptus aulacocarpa 
| 
\ 


I 
hemiphloia oO | 
! 
1 


A 
Vaba 
fasciculosa U 
1 
Flindersla 1 
australis 1 
Capparis A A 
nobilis 
Mischocar pus Aa 
anodontus 


2? Rutaceae 


Syncarpla 
, Ssubgrgentea 


Maba fascic. 


Hemicyclia A Oo Mischocarpus 
australasica Dn , ®enodontus 
Synoarpia A 

subargentes | aba 

Ai asciculosa 

Plindersia Alectryon 

australis (Nite connatus 
Laportea A Nischocarpus 
photiniphylla H anodontus 


“aba geminata (]\ 


Elaeodendron ! 
australe A 


Hemicyclia 
Arete serie ©) A 
Randia A, A 


chartacea O 
ae 


Laportea 


n 


Araucaria 
Cunninghamii 


photiniphylla 
" 


ey 
a 
AS 
“ O 


Ly 


calyptus 
hemiphloia 


S 


WK 


\ 


~ 


\ 


SS 
oOo} 
\ 


~ 


Ce 


\ 


Alphitonia 
excelsa 

Plindersia 
australis ! 


O 


7 
Bridelia 
exaltata 


ww 


NaN 


Breynia 
oblongifolia 


\ 


\<O-D 


\ 


Alphitonia 
excelsa 


SEN 


“Breynia 
oblongifolia 


\ 


~ 
\ 


a * 
\ 


Alphitonia (4 ~ 
excelsa my, 


“ Alphitonia 
excelsa 


Breynia LM Carissa 
oblongifolia ° i » ovata 
ON 


A _Carisea ovata 
Citrus ZI 
australis A” Araucaria 
ier Cunninghamii 
4 oS 


LN “Breynia 
4, oblongifolia 
Zz 


ZAM 

Z\ Carissa ovata 
Strychnos 
one Erborea 4 


yAN Araucaria 


Cunninghamit 
Clerodendron A i ne 
tomentosum 
D My AN Acacia 
aulacocarpa 


Mallotus 
philitppinensis Breynia 
Alphitonia oO oblongifolia 
excelsa Oo Clerodendron 
tomentosum 
i 


Croten 
naujeris 


Psychotria A 


Ganhnolides Syncarpila 


A subargentea 


1 
A Waba geminata 


Syncarpia 
Vgubargentes O 


a Excaecaria 
7 Dallachyana 


Mabe geminata A 


A Alchornoa 
llicifolia 


Syncarpia Oo 


subearcentea 
Maba geminata 
Syncarpia Citrus sustralis 


bargent 
su argen es i) 


Canthiun 
odoratun r Maba 5 nata 
Vitex " " 


a & 
acuminata A Alchornea 
ilicifolia 
Ppanax elegans 


Qwenia venosa Nes 


— 


BY D. A. N. CROMER AND L. D. PRYOR. 261 


A marked characteristic of the ecotone is that certain brushwood species are 
frequent in that region, but occur sparsely elsewhere in the Rain Forest or Savannah 
Woodland, and several of these species may form pure communities of considerable 
extent in this transitional zone, or at other times are mixed in varying proportions. 

Of the species covered, the small trees are: 


Canthium spp. Tristania conferta. 

Mallotus claoxyloides. Maba geminata. 

M. philippinensis. M. fasciculosa. 

Alphitonia excelsa. Croton insularis. 
and the shrubs: 

Psychotria daphioides. Carissa ovata. 


P. loniceroides. 


A further noteworthy feature is that some tree species which occur as rain-forest 
dominants regenerate readily in the ecotone; these are Araucaria, Flindersia, Euroschinus 
and Rhodosphaera. It should be pointed out here that other rain-forest dominants are 
never seen to regenerate in the ecotone nor in large openings, but, on the contrary, are 
commonly found regenerating freely under dense canopy or in very small openings in the 
Rain Forest. The former species were not seen thriving in rain-forest areas unless given 
adequate space. 

Transect 1 (Fig. 4) shows the occurrence of Croton insularis with a little Alphitonia 
excelsa, together with the regenerating tree species Flindersia australis and Araucaria 
Cunninghanii ina short transition. 

Transect 2 (Fig. 4) is also short, but with different colonizing species, viz.. 
Psychotria, Canthium coprosmoides and Maba geminata, while the regenerating tree 
species are Huroschinus and Araucaria. 

Transect 3 (Fig. 4) demonstrates the elimination of the ecotone region by fire, and 
presents an abrupt change from Woodland to Rain Forest with the occurrence of a society 
of Acalypha nemorum. 

A long and gradual transition is shown in Transact 4 (Fig. 5), in which are 
represented three species of Canthium, Maba, Tristania and Psychotria. Here the 
regenerating tree species are Araucaria, Rhodosphaera, and Euroschinus. 

Transect 5 (Fig. 5) shows a well-developed Tristania Community deeply penetrating 
the Savannah Woodland. Some Maba, Psychotria and Croton insularis are also present, 
and the tree species Huroschinus and Rhodosphaera occur as regeneration. 

The development of an Alphitonia excelsa Community of some extent is seen in 
Transect 6 (Fig. 5), together with Bridelia exaltata, Carissa ovata, Croton insularis and 
Mallotus philippinensis, and a further colonizer less generally in evidence is Clerodendron 
tomentosum. Araucaria and Flindersia are again in evidence. d 

In the wide transect all the ecotone species occur with the exception of Mallotus and 
in addition Canthium vaccinifolium and Jagera pseudorhus are found. 

Figure 7 shows the abundance of the commercially valuable Hoop Pine regeneration 
in the ecotone. This feature has been recorded for many localities and has been long 
observed (Rankin, 1932; Swain, 1928). It is often a considerable distance from the Rain 
Forest and was seen at times on very stony ground. 

While Araucaria is the most abundantly regenerating tree species in the ecotone, 
Euroschinus, Rhodosphaera and Flindersia are also common, though they are less 
conspicuous because of lower frequency and less distinctive appearance. 

It is further observed that Eucalypts do not regenerate in the ecotone region, and 
moreover Eucalypts which had developed as part of the Woodland are now found dead 
in the ecotone. Dead Eucalypts of all sizes, including dominants, are found in all the 
transitional zones throughout the area and even extend some distance into the Rain 
Forest, but it is significant that they appear to end rather abruptly and that no old 
logs or stumps in later stages of decay can be found beyond. Figure 8 shows the 
distribution of dead Eucalypts in the ecotone covered by the wide transect and clearly 
illustrates the above features. 
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IX. Discussion. 

The observations recorded from the ecotone region clearly indicate that the Rain- 
Forest Formation is advancing into the Savannah Woodland. This advance is taking 
place at all rain-forest edges except where stabilization is brought about by repeated 
fires. Though the advance is taking place from all edges, it is in some places much 
faster than others. On steep rocky slopes the transition zone is narrow, indicating 
a slow rate of advance, while on better sites the wide transition zone indicates rapid 
advance. 

Convincing evidence of this advance is provided from the presence of dead Eucalypts 
in the ecotone region, and the fact that all age classes have died shows that they have 
succumbed to the aggressive advance of the Rain-Forest Formation. The lack of a 
continuous series of dead Hucalypt remains extending into the Rain Forest and ending 
with decaying fallen logs and stumps, points to a relatively recent accelerated advance 
as compared with the previous phase. 

The advance of the Rain Forest first takes place by means of colonizing species. 
Some of the species found at Widgee have been observed performing the same function 
in other rain-forest areas. Rankin (1932) records Mallotus and Canthium in this role 
at Imbil, and Fraser and Vickery (1939) mention Tvristania conferta, Mallotus 
philippinensis, the genus Croton and Clerodendron tomentosum at Barrington Tops. 

Observations on the Dorrigo reveal similarly amongst the colonizing species 
Tristania conferta, Ackama Muelleri, Trochocarpa laurina and Callicoma serratifolia, all 
of which Fraser and Vickery record performing the same function. 

On the Richmond Range on a drier type of Rain Forest, which closely resembles 
Widgee, Croton insularis, Mallotus philippinensis, and Alphitonia excelsa again appear 
in the marginal communities. The frequent formation of dense pure communities by 
most of these marginal species recorded also by Fraser and Vickery (1938) at 
Barrington Tops is no doubt a factor aiding the rain-forest invasion. The concentration 
of the individuals of the colonizing species in the ecotone, and their comparative scarcity 
-in both adjacent Savannah Woodland and Rain Forest, indicates that their requirements 
make them particularly suitable to perform this function. 

Following the establishment of the colonizers, a number of tree species, which have 
requirements intermediate between those of the colonizers and the climax rain-forest 
species, begin to appear. These species, though usually regarded as belonging to the 
Rain Forest, prefer the ecotone for their establishment and growth, and indeed, though 
capable of germinating under rain-forest canopy, cannot maintain vigour there. As 
these trees develop, many other rain-forest species enter and build up a Rain-Forest 
Community. Most of the Rain Forest at Widgee has reached this stage of development. 

The species which form this community are very numerous and together constitute 
a highly-diversified stand of which the more common dominants are Araucaria, Flindersia 
australis, Euroschinus falcatus, Hemicyclia australasica and Cupaniopsis anacardioides, 
and as small trees, Myrtus, Medicosma, Arytera, Excoecaria, Laportea and Maba with 
Alchornea and Capparis the most common tall shrubs. 

We are led to the conclusion that this community, though apparentiy stable, does 
not constitute the climax for the region, because many of the species present are not 
capable of successfully regenerating under the dense canopy which they themselves 
provide. This characteristic is possessed only by the species of the true climax of which 
Syncarpia and Tarrietia are the best examples among the dominants. Therefore, of the 
rain-forest communities, only the Tarrietia-Syncarpia Association has been ranked as 
climax. 

In consideration of the above, the means by which the Climax Rain Forest is reached 
can be appreciated, namely: 

1. Colonizing species, often as pure dense communities, first invade the 
Savannah Woodland from the edge of the Rain Forest. 

2. Very soon afterwards certain tree species with particular adaptability appear 
amongst the colonizers. 

3. This is followed by an influx of rain-forest species which give rise to a Rain- 
Forest Community of considerable duration. 
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4. The development of this community results in the death of the remaining 
woodland dominants, even while still above the newly formed canopy level. 

5. This Rain-Forest Community develops to maturity and persists with little 
change for a considerable period. 

6. Finally, stability is reached in the form of the Climax Rain Forest. 

The Climax Rain Forest here exhibited corresponds closely with two types described 
by Rankin (1932) at Imbil, which he has named Tarrietia-Medicosma-Endiandra and 
Tarrietia-Medicosma-Wienmannia, in both of which Araucaria is absent. Two other 
types described by the same writer closely resemble the Araucaria Subclimax, both 
specifically and in the presence of the predominant Hoop Pine. He calls this the 
Mallotus-Maba Type. 

Apart from the occurrence at Imbil, there are no precise records to indicate the 
extent to which the Climax Association and the Araucaria Subclimax are distributed, but 
vegetation surveys in northern New South Wales show that a similar Climax Rain Forest 
occurs on the Tooloom Range while the Araucaria Subclimax with close specific similarity 
exists on the Richmond Range. 


SUMMARY. 
An account is given of an ecological study in the Mary Valley, Queensland. 
The habitat is described as fully as the existing data will permit. ~ 
The flora shows the Indo-Malayan element as well as the native Australian fiora. 
The vegetation embraces two formations, viz., Rain Forest and Savannah Woodland. 
Two rain-forest associations are described and named: (1) Tarrietia-Syncarpia, 

(2) Castanospermum-Grevillea, and an extensive community has been classified as 

the Araucaria Subclimax. 

6. The Savannah Woodland is described briefly in its association with the Rain Forest. 
A quadrat chart is also furnished. 

7. The indications of succession are discussed, and it is observed that the Rain Forest 
is encroaching on the Savannah Woodland, the first stage being the establishment of 
characteristic colonizing species, not always represented in the Climax Rain Forest 
or Savannah Woodland. 

8. The ecotone is described, and seven belt transects are charted in support. It is found 
that several brushwood tree species, Huroschinus falcatus, Flindersia australis, 
Rhodosphaera rhodanthema, and the predominant Araucaria Cunninghamii 
regenerate strongly in the ecotone region. 

9. The rain-forest dominants, Tarrietia Argyrodendron and Syncarpia subargentea, 
however, regenerate only under rain-forest canopy. 

10. There is evidence that the Tarrietia-Syncarpia Association and the Araucaria 
Subclimax extend well into northern New South Wales. 


Cx gm LOS t= 


References. 


ADAMSON, R. S., and Osporn, T. G. B., 1924.—The Ecology of the Eucalyptus Forests of the 
Mount Lofty Ranges (Adelaide District), South Australia. Trans. Roy. Soc. S. Aust.. 
48, 87-144. 

BrouGH, P., McLuckiz, J., and Petrie, A. H. K., 1924.—An Ecological Study of the Flora of 
Mount Wilson. i. The Vegetation of the Basalt. Proc. LINN. Soc. N.S.W., 49, 475-498. 

CLEMENTS, F. E., 1928.—Plant Succession and Indicators. The H. W. Wilson Co., New York. 

DAvis, C., 1936.—Plant Ecology of the Bulli District. i. Proc. Linn. Soc. N.S.W., 61, 285-297. 

FrRANcIS, W. D., 1929.—Australian Rain Forest Trees. Govt. Printer, Brisbane. 

FRASER, LILIAN, and VICKERY, JOYCE W., 1938.—The Ecology of the Upper Williams River and 
Barrington Tops Districts. ii. The Rain-Forest Formations. Proc. LINN. Soc. N.S.W.. 63, 
139-184. 

——_——, ———_— ,, 1939.—Id., iii. The Euecalypt Forests, and General Discussion. Ibid., 64. 
1-33. 

MoLuvckik, J., and PETRIE, A. H. K., 1926.—An Ecological Study of the Flora of Mount Wilson. 
iii. Ibid., 51, 94-113. 

—_—, ————_,, 1927.—Id., iv. Ibid., 52, 161-184. 

PHTRIE, A. H. K., 1925.—An Ecological Study of the Flora of Mount Wilson. ii. Ibid., 50, 
145-166. 

Petri, A. H. K., JARRETT, PHYLLIS H., and Parton, R. T., 1929.—The Vegetation of the Blacks’ 
Spur Region. <A Study in the Ecology of some Australian Mountain Eucalyptus Forests. 
i. The Mature Plant Communities. J. Ecol., 17, 223-248. 


BY D. A. N. CROMER AND L. D. PRYOR. 265 


PuHiuuies, J. fF. V., 1935.—Forest Succession and Ecology in the Knysna Region. Govt. Printer, 
Pretoria. 

RANKIN, M. A., 1932.—Unpublished Thesis. 

Swain, E. H. F., 1928.—The Forest Conditions of Queensland. 3ritish Empire Forestry 
Conference in Australia. Brisbane. 

TANSLEY and CHipp, 1926.—Aims and Methods in the Study of Plant Ecology. British Empire 
Vegetation Committee. 


EXPLANATION OF PLATE VI. 

1.—The charted rain-forest quadrat. This community is climax Tarrietia-Syncarpia 
Association, but for the presence of the large predominant Hoop Pine appearing in the centre 
background of the photo. The central large tree is Tarrietia Argyrodendron. The smaller tree 
in front is Medicosma Cunninghamii and the liane Malaisia tortuosa. Note the buttresses of the 
Tarrietia. 

2.—The charted quadrat in Savannah Woodland. The large dominant at the extreme left 
of the plate is Hucalyptus maculata and the large dark-barked tree on the right is H. crebra. 
Note the grassy ground cover. .The common occurrence of the smaller sized trees is probably 
a consequence of fairly frequent burning. 

3.—A general view from Widgee Creek looking onto a rain-forest covered ridge. The 
predominant Hoop Pine standing many feet above the general level of the rain-forest dominants 
are clearly seen. 

4.—A dense pure community of Tristania conferta fringing Rain Forest in the ecotone region. 

5.—Chain I of the wide transect showing the Eucalyptus crebra-EH. maculata woodland and 
the preliminary invaders from the Rain Forest coming up as seedlings in the woodland. 

6.—Chain 3 of the wide transect showing tangle of lianes and the numerous stems present 
in the typical Araucaria Subclimax Rain Forest. Two well-developed Hoop Pine are in the 
centre of the photograph. 

7.—Chain 5 of the wide transect showing the Araucaria Subclimax in a later stage with 
Tarrietia Argyrodendron already well developed. 


APPENDIX 1. 
Some Features of the Widgee Soils; Mechanical Analysis by Bouyoucos Soil Hydrometer Method; pH Values B.D.H. 
Capillator. 
Sand. Silt. Clay. pH. 
(%.) (%.) (%.) 
Main Transect. 
Savannah Woodland Chain 1 Horizon A .. 65 15 20 6-2 
Horizon B .. 60 17 23 5-6 
Ecotone en .. Chain 3 Horizon A .. 60 16 24 5:8 
Horizon B .. 61 12 27 5-6 
Rain Forest .. .. Chain 5 Horizon A .. 54 17 29 5-4 
Horizon B .. 58 3 29 5-6 
Transect IV. 
Savannah Woodland ae Horizon A .. 26 54 20 6-0 
Rain Forest .. Me as Horizon A .. 55 32 13 6-2 
Transect VI. 
Savannah Woodland a Horizon A .. 57 26 17 5-8 


Rain Forest .. fey Ba Horizon A .. 67 21 12 6-4 
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APPENDIX 2. 


Key to Species and Symbols shown on Charts. 


Ne) 


ONION wre 


. Acacia aulacocarpa. 

. Acalypha nemorum. 

. Acronychia laevis. 

. Ailanthus malabarica. 
. Alchornea ilicifolia. 

. Alectryon connatus. 


tomentosus. 


. Alphitonia excelsa. 
. Alstonia constricta. 
. Alyxia ilicifolia. 


ruscifolia. 


2. Araucaria Cunninghamit. 
. Aristida ramosa. 

. Arytera microphylla. 

. Brachychiton discolor. 

. Breynia oblongifolia. 

. Bridelia exaltata. 

. Canthium coprosmoides. 


latifolium. 
odoratum. 
vaccinifolium. 


. Capparis nobilis. 


sarmentosa, 


. Carissa ovata. 

. Chenopodium triangulare. 

. Chloris unispicea. 

. Citriobatus multiflorus var. linearis. 
. Citrus australis. 

. Claoxylon australe. 

. Clerodendron tomentosum. 

. Croton insularis. 

. Cryptocarya microneura. 

. Cupaniopsis anacardioides. 


anacardioides var. parviflora. 
serrata. 


. Denhamia pittosporoides. 
- Dodonaea cuneata. 

. Elaeodendron australe. 

. Elattostachys nervosa. 

. Erythroxylon australe. 

. Eucalyptus acmenioides. 


crebra. 
hemiphloia. 
maculata. 


. Euroschinus faleatus. 

. Excoecaria Dallachyana. 
. Exocarpus latifolia. 

. Flindersia australis. 


Bennettiana. 


. Geijera salicifolia. 
. Hemicyclia australasica. 
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. Hodgkinsonia ovatiflora. 
. Hormogyne cotinifolia. 

. Jagera pseudorhus. 

. Laportea photiniphylla. 
. Lonchocarpus Blackii. 

. Maba fasciculosa. 


geminata. 


. Malaisia tortuosa. 

. Mallotus philippinensis. 

. Medicosma Cunninghamii. 
. Melicope erythrococea. 


eUTOCOCCA. 


. Melodorum Leichhardtii. 
. Mischocarpus anodontus. 
. Monococcus echinophorus. 
. Myrtus Hillit. 

. Notelaea longifolia. 

9. Nyssanthes diffusa. 

. Owenia venosa. 

. Panax elegans. 

. Pavetta indica. 

. Pisonia aculeata. 

. Pittosporum revolutum. 


rhombifolium. 


. Pleogyne Cunninghamii. 
. Polyalthia nitidissima. 

. Psychotria daphnoides. 
. Randia chartacea. 

. Rapanea variabilis. 

. Rhodamnia argentea. 


trinervia. 


. Rhodosphaera rhodanthema. 
84. 
. Scolopia Brownit. 

. Sideroxylon myrsinoides. 


Sarcopteryx stipitata. 


Pohlmanianum. 


. Siphonodon australe. 

. Smilax australis. 

. Solanum stelligerum. 

. Strychnos arborea. 

. Syncarpia subargentea. 

. Tarrietia Argyrodendron. 


Argyrodendron var. trifoliolata. 


. Tristania conferta. 
. Turraea pubescens. 
. Ventilago sp. 

. Vitex acuminata. 


Lignum-wtae. 
Wikstroemia indica. 
Zanthoxylum brachyacanthum. 


Symbols on Charts.—Black solid circle, Predominant Hoop Pine; Open circle, Tall tree ; Square, Small tree ; 


Triangle, Tall shrub; Semicircle, Small shrub. 


Species. 


Polypodiaceae. 
Adiantum hispidulum Sw. 
Asplenium nidus Linn. 
Dryopteris decomposita Spr. 
Pellaea paradoxa Baker 
Platycerium bifurcatuimn Cay. 
Polypodium sp. a 

Podocarpaceae. 
Podocarpus elata R.Br. 

Araucariaceae. 
Araucaria Cunninghamii Ait. 

Bidwilli Hook. 
Gramineae. 
Aristida ramosa R.Br. 
Chloris unispicea F.v.M. 
Chrysopogon pallidus Benth. 
Imperata arundinacea Cyr. 
Themeda australis R.Br. 
Liliaceae. 

Smilax australis R.Br. 
Orchidaceae. 
Dendrobium gracilicaule F.v.M. 

Dendrobium spp. 

Casuarinaceae. 

Casuarina Cunninghamiana Miq. 
Moraceae. 

Ficus platypoda A.Cunn. 

Malaisia tortuosa Blanco. 
Urticaceae. 

Laportea photiniphylla Wedd. 
Proteaceae. 

Grevillea robusta A.Cunn. 
Santalaceae. 

Exocarpus latifolia R.Br. 

Chenopodiaceae. 
Chenopodium triangulare R.Br. 

Amarantaceae. 
Nyssanthes diffusa R.Br. 

Nyctaginaceae. 
Pisonia aculeata Linn. 

Phytolaccaceae. 
Monococcus echinophorus F.v.M. 

Anonaceae. 
Polyalthia nitidissima Benth. 
Melodorum Leichhardtii Benth. 
Monimiaceae. 
Wilkiea macrophylla Benth. 
Lauraceae. 
Cryptocarya microneura Meissn. 
australis Benth. 
Menispermaceae. 
Pleogyne Cunninghamii Miers. 
Legnephora Moorei Miers. 

Capparidaceae. 
Capparis nobilis F.v.M. 

sarmentosa A.Cunn. 

Pittosporaceae. 
Citriobatus  multiflorus 

linearis A.Cunn. ae 
Hymenosporum flavum F.v.M. 


var. 
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APPENDIX 3. 
List of Species. 
p ag | fe} & Species. ¢ 3 
Pittosporum revolutum Ait. M Be 
G x rhombifolium A.Cunn. MM 36 
HK x Leguminosae. 
G x Acacia aulacocarpa A.Cunn. N x 
G X Cunninghamii Hook. N 
E x Castanospermum australe A.Cunn., MM x 
E XS Jacksonia scoparia R.Br. As | N 
Lonchocarpus Blackii Benth... | L x 
M x Erythrina Vespertilio Benth... M x 
Rutaceae. 
MM x Acronychia laevis Forst. N x 
MM x Citrus australis Planch. M xX 
Flindersia australis R.Br. MM x 
H x collina Bail. MM x 
H x Ozleyana F.v.M. | MM x 
H x Bennettiana Benth. | NE x 
H x Geijera salicifolia Schott. MM x 
H x Medicosma Cunninghamii Hook.| M x 
Melicope erythrococca Benth. M x 
L x neurococca Benth. M x 
Zanthoxylum  brachyacanthum 
E x F.v.M. ae a0 erty | ane xX 
E x Simarubaceae. 
Ailanthus malabarica A.DC. MM x 
MM 5 He Meliaceae. 
Cedrela Toona var. australis 
MM x C.DC. ot -. | MM se 
L x Dysoxylum Fraseranum Benth. | M x 
Melia Azedarach Linn. var. | 
M X australasica A.DC. MM xX 
Owenia venosa F.v.M... MM x 
MM aXe Turraea pubescens Hellen. N x 
Euphorbiaceae. 
N x Acalypha nemorum F.v.M. .. | N xs 
Alchornea ilicifolia J.Muell. .. N Bre 
H x Baloghia lucida Endl. M x 
Breynia oblongifolia J.Muell. .. N x 
Ch x Bridelia exaltata F.v.M. M x 
Claoxylon australe Baill. N x 
L x Cleistanthus Cunninghamit 
J.Muell. ,. N x 
N XK Croton insularis Baill. Vi ex 
Excoecaria Dallachyana Baill. M x 
M xX Hemicyclia australasica J.Muell. | MM x 
L xX Mallotus philippinensis J.Muell.; M x 
discolor F.v.M. M x 
N x claoxyloides J.Muell. M x 
Erythroxylaceae. 
N x Erythroxylon australe F.v.M. M x 
N x Anacardiaceae. 
Euroschinus falcatus Hook. MM x 
L x Pleiogynium Solandri Engl. MM x 
L x Rhodosphaera rhodanthema | 
Engl. ae MM x 
M xX Celastraceae. 
Ch x Celastrus australis Harv. et 
F.v.M. 5 a. BS M x 
Denhamia pittosporoides F.v.M. | MM x 
N x Elaeodendron australe Vent. M x 
MM X Siphonodon australe Benth. M x 
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List of Species —Continued. 


APPENDIX 3.—Continued. 


23 a¥ 
Species. 5 oe | gs Species. a oS) IE = 
ea) Ge |e se ee (Ge jee 
| eS |e Spe feet | ea es 
Sapindaceae. | 
Alectryon connatus Radik. N x Tristania conferta R.Br. MM x xe 
tomentosus Radlk. N x Araliaceae. | 
Arytera microphylla Radlk. M x Panax elegans Moore et Muell. M x 
Atalaya hemiglauca F.v.M. M x Cornaceae. t 
Cupaniopsis anacardioides Marlea vitiensis Benth, var. | 
Radlk. P ae .. | MM ) tomentosa Benth. N x 
anacardioides Radlk. var. Myrsinaceae. 
parvifiora Bail... MM x Rapanea variabilis R.Br. N x 
Cupaniopsis serrata Radlk. M x Sapotaceae. 
Dodonaea cuneata Rud. N aXe Incuma Amorphosperma Benth. 
Elattostachys nervosa Radlk. .. N xX et Hook. .. ai Foe eB x 
Harpullia pendula Planch. MM x Sideroxylon myrsinoides Benth. 
Jagera pseudorhus Radlk. M x et Hook. #45 a M x 
Mischocarpus anodontus Radlk. | MM Xe Pohlmanianum Benth. ét | 
pyriformis Radlk. MM x Hook. See He M x 
Sarcopteryz stipitata Radlk. N xX Hormogyne cotinifolia A.DC. .. | M x 
Rhamnaceae. Ebenaceae. 
Alphitonia excelsa Reissek. MM x x Maba fasciculosa F.v.M. M as 
Ventilago sp. a L x geminata R.Br. M Xs 
Ampelidaceae. Oleaceae. 
Vitis antarctica Benth. L Xx Notelaea longifolia Vent. MM x 
nitens F.v.M. L x Jasminum simplicifolium Forst. L x 
Elaeocarpaceae. Loganiaceae. 
Elaeocarpus grandis F.v.M. MM x Strychnos arborea A.W.Hill M x 
Malvaceae. Apocynaceae. 
Hibiscus heterophyllus Vent. .. N XG x Alstonia constricta F.v.M. MM x 
Sterculiaceae. Alyxia ilicifolia F.v.M. N x 
Brachychiton discolor F.v.M. .. | MM x ruscifolia R.Br. N xX 
Tarrietia Argyrodendron Benth. ; MM xX Carissa ovata R.Br. ae N ms x 
Argyrodendron var. tri- Tabernaemontana orientalis R.Br.; M x 
foliolata Bail. MM x Asclepiadaceae. 
Thymeleaceae. Hoya australis R.Br. .. i, x 
Wikstroemia indica C.A.Mey. N x | Solanaceae. 
Flacourtiaceae. | Solanum stelligerum Sm. N x 
Scolopia Brownii F.v.M. M x Solanum sp. ee N 2 
Myrtaceae. Verbenaceae. 
Callistemon salignus DC. N xX x Callicarpa pedunculata R.Br. N x 
Eucalyptus acmenioides Schau. MM. xe Clerodendron tomentosum R.Br. N x 
crebra F.v.M. oa MM x Vitex acuminata R.Br. MM x 
hemiphloia F.v.M. MM x Tignum-vitae A.Cunn. MM x 
maculata Hook. .. MM axe Rubiaceae. 
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MELITTOBIA (SYNTOMOSPHYRUM) INDICUM (SILV.) (HYMENOPT., 
CHALCIDOIDEA), A PARASITE OF THE QUEENSLAND FRUIT FLY, 
STRUMETA TRYONI (FROGG.). 


By N. S. Nosie.* 


[Read 19th August, 1942. ] 


INTRODUCTION. 


Though the Mediterranean fruit fly, Ceratitis capitata Wied., was the common pest 
species of New South Wales in the early part of the present century, it is now only of 
minor importance, the dominant species being the Queensland fruit fly, Strumeta 
(Chaetodacus) tryoni (see Allman, 1939). The only commonly-occurring native parasite 
of this pest is Diachasma tryoni (Cam.), but parasitism by this species never reaches a 
very high percentage in cultivated fruits (Allman, 1939, p. 549). 

From 1932 to 1939, the writer devoted a considerable amount of time to the attempted 
biological control of the Queensland fruit fly. 

In the summer of 1932-33, the United States Department of Agriculture forwarded 
from Hawaii three shipments of parasitized puparia of the Mediterranean fruit fly, these 
arriving in Sydney on 10th November and 12th December, 1932, and 6th January, 1933, 
respectively. The puparia, which were packed either in moist sand or shredded paper 
in tins or glass tubes, were held at 60°F. throughout the voyage (Mason, 1934). All 
shipments arrived in good condition, were comparatively free of mould, and yielded large 
numbers of parasites. Of these, the most abundantly-occurring was Diachasma tryoni, 
the species indigenous to Australia, and which had earlier been established in Hawaii. 
Altogether, 7,825 adults of D. tryoni emerged, together with 7,290 Tetrastichus 
giffardianus Silv., 815 Diachasma fuliawayi Silv., and 100 Opius humilis Silv. 
Immediately the first parasites emerged, breeding experiments were initiated, using 
loquats and later other pome and stone fruits, infested with Strumeta tryoni. One 
limited generation ot Tetrastichus giffardianus was developed, but work with the other 
species gave negative results. 

When it was realized that the imported material was yielding such numbers of 
parasites, permission was sought, and later obtained, to make direct field liberations. At 
intervals throughout December, 1932, and January, 1933, several thousand Tetrastichus 
giffardianus were liberated in infested orchards in the County of Cumberland, Wyong 
and the North Coast of New South Wales. A small liberation of Opius humilis was 
made at Carlingford, N.S.W., on 5th December, 1932, and on 17th January, 1933, a small 
liberation of Diachasma fullawayi was made at Wyong, N.S.W. However, though 
numerous attempts at recovery have been made, it is evident that none of these species 
is established in this State. 

The Eulophid, Melittobia (Syntomosphyrum) indicum, was first discovered near 
Bangalore, India, in 1907 by Mr. G. Compere, then Government Entomologist of Western 
Australia, and was successfully transported to that State, developed in large numbers, 
and liberated for the control of the Mediterranean fruit fly (Newman, 1908). From a 
stock of the parasite obtained from Western Australia, Silvestri, in Italy in 1909, 
developed and liberated many thousands of the parasite in an attempt to control 
Ceratitis capitata and the olive fly, Dacus oleae (Silvestri, 1910). However, in spite 
of this extensive work, Silvestri (1914) stated that there was nothing to confirm the 
permanent establishment of the parasite outside India. 

In New South Wales, the Queensland fruit fly attacks pome and stone fruits and 
the maggots in most instances soon become deeply buried and beyond the reach of 
parasites ovipositing from outside the fruit, even though they possess long ovipositors. 
As it was known that Melittobia indicum is not specific, and as in New South Wales 
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numbers of native fruits are attacked by various species of Chaetodacus, and especially 
as it was known that MW. indicum entered the fruit in search of its host, it was decided 
that an attempt to introduce the species into New South Wales was warranted. 

In May, 1935, the late Mr. W. B. Gurney, then Government Entomologist, visited 
India in search of fruit fly parasites for shipment to New South Wales. (For details 
of parasitized material forwarded see Gurney, 1936.) From parasitized puparia of 
Chaetodacus spp. forwarded, there emerged four species of Opius, Opius persulcatus 
predominating with fewer numbers of O. incisi and of two new species. Extensive 
breeding experiments with O. persulcatus, and limited tests with the other three species, 
were undertaken in Sydney using fruits infested with Strumeta tryoni, but all proved 
negative. 

Late in 1935, Gurney collected Melittobia indicum at Bangalore, and three batches of 
fly puparia parasitized by this wasp were forwarded by air to Sydney in December, 1935, 
but no adults emerged. A few adults did emerge from a batch of puparia brought out 
in the cool store of the steamer by which Gurney returned to Sydney in January, 1936, 
but these failed to oviposit. 

On 9th October, 1937, Mr. K. K. Sastry despatched by air from Bangalore, India, a 
small batch of parasitized fly puparia, and these arrived in Sydney on 21st October, 1937. 
Flies had emerged from most of the puparia en route, but the few remaining puparia 
yielded a limited number of healthy M. indicum. the adult parasites emerging from 
26th October to 2nd November, 1937. From these, during the ensuing seven months, 
eleven generations of parasites totalling more than 370,000 individuals, were developed 
in the insectary in Sydney (see Table 1). Apart from those required for breeding work, 
the parasites were liberated in large numbers throughout all infested districts of New 
South Wales over a period extending from 26th November, 1937, to 27th May, 1938. It 
is estimated that more than 205,000 were liberated in New South Wales alone. In 
addition, from 3rd December, 19387, to 21st April, 1938, batches of parasitized puparia 
were despatched to Queensland and were liberated in all the important fruit-growing 
areas of that State. In March and April, 1938, batches of fly puparia parasitized by 
M. indicum were despatched to Fiji. In spite of the liberation of such large numbers 
of the parasite throughout the entire summer period, with abundant hosts available, it 
has not been recovered in either New South Wales or Queensland, though in Fiji the 
parasite has developed in the field and batches have been sent from there to the Cook 
Islands, Western Samoa and Hawaii (Lever, 1938a, 1938b). 

Notes on breeding methods and on the biology of Melittobia indicum are set out 
below. 

Breeping MErnHops. 

Fruits infested with Strumeta tryoni only were used throughout and M. indicum 
proved particularly easy to develop in large numbers in the laboratory, no special 
technique being required. For obtaining detailed biological data, limited numbers of 
infested fruits were placed over sand in small battery jars, the tops being covered with 
fine muslin, and the parasitized puparia being sieved out soon after pupation. For 
general breeding work large quantities of fruit were placed in a single layer on wire 
trays above a layer of sand in cages of various types in general use in the laboratory. 
These had sides either of glass, cloth or gauze, their size varying from one foot to two 
feet square. 

To facilitate the entry of the parasites the fruits were either partly broken open, 
or in the firmer fruits, a portion was cut from one side to expose the tunnels of the fly 
maggots. In introducing the parasites it was found that they tended to enter the fruits 
on which they first alight, so that in the large cages parasites were introduced in a 
series of small vials, shaking a number onto each fruit in the cage. In the earlier 
generations, four female parasites were used for each fruit (187 apples and pears 
averaged 23:06 fly maggots per fruit), but later eight females per fruit were used, and 
gave a somewhat higher percentage of parasitism. Infested fruit was held until the fly 
larvae were approaching maturity. 

Early in the spring infested loquats were largely used. These were later replaced 
by peaches and apples, which were mainly used for parasite development until late in 
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the summer when apples only were available. If the sand below the fruit into which 
the mature fly larvae make their way is either too wet or too dry, the larvae will 
endeavour to escape, and there is also likely to be a certain mortality. Where stone 
fruits were used the juice trom the fruits rapidly rendered the sand very wet and care 
had to be exercised to remove the fruit from the cages as soon as possible after the 
parasites had completed oviposition. With apples, however, and especially in later 
generations where the variety was Granny Smith, the fly maggots did not pulp the 
fruit to the same extent, and very little fruit juice fell to the sand, it being necessary 
to keep the sand moistened with water. 

The fly pupae and mature larvae were subsequently sieved from the sand, washed, 
spread on blotting-paper for a few minutes to dry, and then covered with very slightly 
moistened sandy soil and held in 6 inch by 1 inch glass vials, plugged with cotton wool. 
The parasitized puparia were usually held in the laboratory until after the contained 
parasites had reached the pupal stage, after which they were distributed. 

All the fly puparia of the first, second and third generation were held in the 
laboratory until the adult parasites emerged and a proportion of these was subsequently 
liberated. The number of parasites bred in the fourth and fifth generations was assessed 
by holding a proportion of the puparia in the laboratory until the parasites emerged. 
The total adults developed in the sixth generation was calculated by multiplying the 
total parasitized puparia by 20, this being the average number of adults which emerged 
from a selected group of parasitized puparia. In assessing the adults developed in the 
last five generations the total parasitized puparia was multiplied by 23-41, this being 
the average emergence per puparium from selected groups counted in the fourth, fifth 
and six generations (377 parasitized fruit fly puparia yielded 8,826 adult parasites). 

Usually when the parasite larvae have consumed the greater part of the fly pupa 
and are approaching maturity, they can be seen through the wall of the fly puparium, 
but occasionally when the host puparium is particularly dark in colour, the parasite 
larvae cannot be detected until maturity. It was found that by floating the fly puparia 
in water and observing them under the binocular microscope, once the parasites 
within had reached the mature larval stage, the parasitized puparia could be sorted with 
accuracy, black waste matter voided by the mature parasite larvae, and visible through 
the wall of the puparium, being also of assistance. 


BioLtogicaLt Noves. 
The Adult. 

The adult is a comparatively small, shining, black wasp, whose size is determined 
somewhat by the total number of adults which develop in a single fly puparium. Heavy 
oviposition may produce a shortage of larval food and result in comparatively small 
adults. The average length of 10 females selected at random was 2:19 mm., the maximum 
being 2°37 mm., and the minimum 1:91 mm. The average length of 10 males similarly 
selected was 1:74 mm., the maximum being 1:96 mm., and the minimum 1:44 mm. 

On being introduced into the breeding cages the adults feed freely on fruit juice 
exuding from breaks in the fruit. They are particularly easy to handle, seldom fly and 
do not appear to be strong fliers. ; 

Percentage of Sexes.—Oft a total of 4,257 adults of M. indicum emerging from batches 
of fly puparia selected at random in various generations from the fifth onwards, 3,126 
or 73-43 per cent. were females and 1,131 or 26:57 per cent. were males. 

Parthenogenesis.—A number of adult females of M. indicum were taken as they 
emerged from the fly puparium and were enclosed with fly-infested fruits. All the 
resultant progeny were sexed and of a total of 1,134 adults, 1,081 were males and 
53 were females. There was thus a very great preponderance of males, which was the 
reverse of the normal sex ratio in breeding cages where parasites were allowed to mate 
at will. The presence of some females, however, indicates that one or more female 
parents may have been fertilized, and if this was so, fertilization must have occurred 
within the fly puparium, after the escape of the majority of the occupants. In a 
subsequent experiment, 10 female pupae of WM. indicum were isolated, and on emergence 
ot the adult parasites they were enclosed with fly-infested fruit. The sexing of their 
progeny gave 563 males and no females. 
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Longevity of Adults.—The length of life of ovipositing females is extremely short. 
The longest period any female was observed alive after being placed with infested fruit 
was three days from the time of first emergence. During the summer, adults held in 
6” x 1” glass tubes and fed on honey and water only lived for a few days. Approximately 
1,000 adults were held in such tubes in the laboratory in the autumn when temperatures 
were lower. These emerged on 26th May, 1938, and by 11th June, approximately three- 
fourths of them were dead, and thereafter some died daily, the last one dying on 22nd 
June, 27 days after emergence. 

Oviposition.—The parasite is ready to oviposit on the day of emergence, and on 
being placed in breeding cages containing infested fruit, soon seeks out any breaks 
in the fruit surface, frequently using holes through which mature fiy larvae have 
already left the fruit. 

The parasite, on reaching a fly larva, pierces its integument with the ovipositor 
and lays a number of eggs within. The fly larvae become excited when the parasite 
is known to be present, and move rapidly through the pulpy fruit in an effort to escape. 
Frequently, the parasite is drawn through the fruit with the ovipositor inserted in the 
host larva, and has sometimes been observed in this position, motionless and apparently 
dead, but soon shows signs of life, withdraws the ovipositor, and crawls away apparently 
uninjured by the experience. On very rare occasions only, dead parasites were observed 
with their ovipositors firmly embedded in the integument of the host larva. 

Usually the parasite penetrates the posterior segments of the host larva, but several 
instances were observed during the course of the work in which the parasites had 
pierced the host larva in segments near the head. 

As under natural conditions it appeared that the main entry of the parasites was 
through the puncture made by the first mature fruit fly larvae leaving the fruit to 
pupate it would appear that usually only maturing and mature larvae are parasitized. 

In the breeding cages, though up to 400 parasites were sometimes liberated in a 
single cage, the majority disappeared within the fruits in a few minutes, and while 
periodical emergence from the fruit did occur, large numbers of parasites were never 
again seen in the cages, the great majority eventually dying within the fruits. 

In searching for host larvae, the parasites become so covered with decomposing 
fruit as to be almost unrecognizable, the wings, legs and antennae all becoming gummed 
and sticky. Periodically the parasite drags its way out to the surface of the fruit and 
there cleans itself thoroughly, and after resting for a few minutes again makes it way. 
into the fruit in search of further hosts. 

The fact that the fruit is already in a highly decomposed condition does not appear 
to affect the parasites adversely. In one instance a very satisfactory oviposition occurred 
in a jar of infested fruit in which fly larval activity had reduced the fruit to a slimy 
mass in which individual fruits could no longer be distinguished. The parasites reached 
their hosts by crawling down the tunnels made by the latter. Parasites will also oviposit 
in fly maggots taken from the fruit and placed in glass tubes. Oviposition mainly 
occurred during the first twenty-four hours after introduction into the breeding cages. 
The emergence period of adult parasites from fly larvae which were left with parasite 
adults for the entire life of the parasite, was very little, and at times no more protracted 
than in special experiments when the parasites were allowed to oviposit for two hours 
only. In December, 1937, a large number of parasites which had been with infested 
fruit for a period of 24 hours was removed and placed with a new batch of fly-infested 
fruit, and from fly puparia from these, only 9 adult parasites subsequently emerged. 


The Egg. : 

The newly-deposited egg, which is invisible to the unaided eye, is elongate with 
rounded ends, being slightly wider towards one end. The average length at deposition 
is 0:16 mm., the average width being 0-038 mm. As the embryo develops, the egg 
increases in size, until at hatching it is twice as long, and almost three times as wide, 
as the newly-deposited egg. The largest egg measured just prior to hatching was 
0-32 mm. in length and 0-112 mm. in width. 

Incubation Period.—Under the fluctuating temperature conditions of the laboratory 
during mid-summer (January) the incubation period was 2% days. At a standard 
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temperature of 25°C. it was approximately 34 days and at 30°C. it was slightly less 
than 2 days (40-41 hours minimum). 


The Larva and Larval Development. 

The newly-hatched larva is greyish-green in colour with the central zone marking 
the stomach very slightly darker. The larva is straight-sided and cylindrical, tapering 
only slightly from the head backwards, there being little evidence of segmentation, and 
no trace of movement apart from the mouth-parts. The mouth is only very slightly 
ventral. The smallest larva measured with 0:29 mm, in length and 0:12 mm. in width. 
A tew hours after hatching, the parasite larva, having fed on the blood of the host 
maggot in which it is lying, has increased in size, and segmentation, especially in the 
anterior segments, becomes much more evident. 

Three larval stages were recognized, the last two resembling one another in general 
respects, apart from size. The mandibles of the second last stage are very pale amber 
in colour with one short tooth, their length averaging 0-012 mm. 

The mature larva, which is greyish-green in colour, is cylindrical, only very slightly 
arched, and tapers towards both ends. It consists of a head and thirteen segments. The 
head, which is hemispherical, is somewhat translucent, as are the posterior abdominal 
segments. The head is narrower than the first abdominal segment and the mouth is 
only slightly ventral. The mandibles are minute, wide at the base with one curved tooth, 
amber in colour, and average 0:026 mm. in length, the chitinized tooth averaging 0-008 mm. 
in length. Above and below the mandibles, are a number of rounded sensillae. Very 
minute prominences mark the position of the antennae. The integument is smooth and 
free of setae. The stomach contents in some larvae are yellow and in others grey, but 
the stomach is partially masked by fat-body. 

The size of the mature larva is variable and is largely dependent on the number 
of parasite larvae which have developed in one host. Where crowding occurs the food 
supply available for each larva is limited and the larvae at maturity are smaller. The 
average length of a number of mature larvae taken from various hosts was 2:17 mm., 
the average width being 0:69 mm. The length of the largest mature parasite larva, 
taken from a host in which only 10 larvae had developed, was 2:89 mm., the width being 
0-82 mm. The length of the smallest mature parasite larva taken from a host in which 
33 parasite larvae had developed was 1:70 mm., the width being 0-46 mm. 

There is no evidence of any respiratory system in any of the larval stages, but it 
was noted that at maturity, the parasite larvae within the host puparium are closely 
enveloped in an elaborate reticulum of the tracheae of the dead host pupa. 

In spite of parasitism, the fly larvae complete their development and pupate, though 
the shape of the puparium is sometimes abnormal and maggot-like. 

Sometimes the parasite larvae have emerged from the egg before the host pupates, 
but often the parasite eggs are unhatched when pupation occurs. In any case, the 
parasite larvae after first feeding on the blood of the host, eventually on approaching 
maturity commence to devour the more solid and vital host tissues. Eventually the 
host is destroyed and the mature larvae are to be found lying within the host pupal 
shell. 

Where the parasite larvae are not crowded, it is usual for them to arrange them- 
selves in two even groups with the heads pointing towards the centre of the puparium, 
but where larger numbers are present, this same regularity of arrangement is not main- 
tained. Occasionally one parasite larva will mature and pupate with the head pointing 
to the end of the puparium, with all the remaining occupants arranged in the usual 
regular manner. 

On maturing, the parasite larva voids a quantity of dark brown or black waste 
matter, which can usually be seen through the wall of the parasitized puparium, and 
which makes the two ends of the latter much darker. 


Emergence of Adults. 
Parasite adults emerge by eating out a somewhat irregular emergence hole in the 
surface of the puparium. Sometimes these holes are large and gaping. Of thirty 
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puparia selected at random, from which adults of M. indicum had emerged, six only 
had one emergence hole, eleven had two, five had three, four had four, three had five, 
and one had six. 

As a rule adult flies commence to emerge several days before the adult parasites 
begin emerging from parasitized fly puparia from the same batch. 

In various generations fourteen batches of parasites were left with infested fruit 
until the parasites died, and daily records of the emergence of their progeny were kept. 
Altogether a total of 9,791 adults of M. indicum emerged. Of these, five batches had an 
emergence period of three days, two had an emergence period of four days, five had an 
emergence period of five days, one had an emergence period of six days, and one had 
an emergence period of seven days. Of the total of 9,791 adults, however, 7,679 or 78:43 
per cent., emerged during the first three days of the emergence period. 


Length of Life-Cycle. 

The minimum length of the life-cycle under the fluctuating temperature conditions 
of the laboratory in the various generations is set out in Table 1. It will be noted that 
the first generation had a minimum life-cycle of 24 days, but the minimum length of life- 
cycle decreased progressively as the summer season advanced, the minimum being 15 
days in the third and fourth generations. With the approach of autumn and consequently 
lowered temperatures, the minimum length of life-cycle again increased, being 22 days 
in the tenth generation and 32-33 days in the eleventh generation. 


TABLE 1. 
Details of Laboratory Development of Melittobia indicum. 


Date of Date of Minimum 
First First Total Fly Life Total 
Generation. Exposure of Emergence of — Larvae Cycle of Adults of Remarks. 
Fruit Fly Adults of Parasitized. M. indicum M. indicum 
Larvae. M. indicum. in Days. Emerging. 
First ae We 262037" 19.xi.37 24 245. | 
Second ad .. , 24.x1.37 13.x1i.37 | 19 707 > Adult parasites counted. 
Third ee oe 13.x11.37 28.xi1.37 Not 15 1,500 ii 
Fourth ot ae 28.x11.37 12.1.38 counted. 15 17,500 ) Estimate based on emerg- 
Fifth Fas fg 13.1.38 31.14.38 18 74,000 il ence of adults of —VW. 
Sixth oe ahs 31.14.88 16.11.38 16 63,600 indicum from a propor- 
| tion of the puparia held 
in Sydney. 
Seventh sas Ss 16.11.38 4.41.38 3,453 16 80,800 
Eighth sa ae 8.11.38 25.11.38 1,286 U7 30,000 | Total adults estimated on 
Ninth ve ae 25.11.38 11.iv.38 1,609 17 37,700 the basis of 23-41 per 
Tenth Aa a 11.iv.38 3.V.38 2,425 22 56,800 puparium. 
Eleventh .. Ae 3.V.38 4 or 312 32/33 7,300 
5.Vi.38t 


Total parasites developed: 370,152. 

* First adults of M. indicum emerged from fruit fly puparia from India on 26th October, 1937, and the last on 
2nd November, 1937. 

+ Last adult of this generation emerged on 20th June, 1938. 


Period Spent in Various Stages of the Life-Cycle. 

In the fourth generation an experiment was carried out to ascertain the period of 
time required by the parasite to complete the various stages in the life-cycle. Parasites 
were allowed to oviposit for a period of three hours and the maggots were then removed 
from the fruit, and held in the laboratory and periodically thereafter parasitized fly larvae 
Or puparia were dissected and the stages of M. indicum noted. The results are set out 
in Table 2. 

It will be seen that the total life-cycle under these conditions ranged from just less 
than 16 days to just less than 18 days. Considering the minimum life-cycle of 16 days, 
the incubation period was approximately 23 days, the larval and prepupal period 7 days, 
and the pupal period 6% days, the latter period also including the time required for the 
adults to eat their way out of the host. In this experiment, though all the eggs were 
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laid within three hours, there was a variation of as much as two days in the emergence 
of adults. 


TABLE 2. 


Observations on the Developmental Period of Various Stages of Melittobia indicum wider Laboratory Conditions. 


Date of Time of Stages of M. indicum Date of Time of Stages of M. indicun 


Observation. Observation. Present. Observation. Observation. Present. 
18.1.38 2.5 p.m. Kegs just laid. 25.138 9 a.m. Prepupae. 
19.1.38 4 p.m. All eggs. 26.41.38 5 p.m. Prepupae. 
20.1.38 11 a.m. Newly-hatched larvae and 27.138 9 a.m. Unpigmented pupue. 
a few eggs. 3.41.38 11 a.m. 58 adults emerged. 
22.1.38 2 p.m. Maturing larvae. 4.11.38 2 p.m. 94 adults emerged. 
24.1.38 9 a.m. Mature larvae. 5.41.38 Ll a.m. 52 adults emerged. 


Number of Adults Emerging from Each Fly Pupariun. 


In tests in which individual females were confined with numbers of maggots the 
number of adult parasites emerging from each of 95 fly puparia ranged from 2 up to 36, 
the average being 17:35. In another experiment 187 M. indicum emerged from 6 puparia 
giving an average of 31:17 per puparium, and from one puparium in this experiment 
37 adults emerged. In the fourth generation a total of 5,084 parasites emerged from 
208 puparia, the average per puparium being 24:44. Altogether, in counts of parasites 
emerging from batches of fly puparia taken from the ordinary breeding cages in the 
fourth, fifth and six generations, 8,826 M. indicum emerged from 377 fly puparia, the 
average per puparium being 23:41. In one instance 45 mature larvae and pupae of 
M. indicum were found in 1 fly puparium, and in another 39. 

In every instance recorded above there were numbers of fly maggots available which 
remained unparasitized. The average yield of parasites per puparium in the breeding 
cages, where large numbers of parasites were present, was much higher than the average 
when single females only were used, and it is probable that in the former circumstances 
superparasitism occurred. 


Total Progeny of Individual Females. 


Sixteen M. indicum females were enclosed singly with jars of infested fruit. 
Subsequently the parasitized puparia were isolated, and the total progeny of each 
female parasite and from each fly puparium is set out in Table 3. It will be seen that 


TABLE 3. 
Total Progeny of Individual Females of Melittobia indicum. 


‘Female Host Larvae Host Larvae | Adults of M. indicum Emerging from Each | Total 
Number. in Fruit. | Parasitized. | Fruit Fly Puparium. ‘Progeny. 

a: | , | ; | 

1 63 | 10 fala Rte A cds etre | eleq i TS al elo al ttyl Salt) | aly 7140 
2 49 | 7 21) 17 |. 19 | 14 }e2n | 17 | 19 | — | — | — | 128 
3 62 | 10 14 | 19 | 10 | 14 | 23/47/12] 16 |20]25|!—| 170 
4 42 | 2 | 22 | 31 | he ea eee 53 
5 3 | 1 19 =| _— | 19 
6 26 3 | BG le || RE Wi rellees [peat || = ee a ee es al 56 
7 61 | 11 9 | 17 | 16 | 15 | 16 | 11 | 21 | 20 | 18 | 15 | 14 | 172 
8 40 10 13 | 14 | 13 | 20 | 14 | 10 | 15 | 18 | 16 | 23 ; — | 151 
9 | 28 8 }16},17/11} 5] 8] 11 | 15 Las | —|— |] — | 97 
10 17 4 petal obese alsGn| | — | 90 
1 44 4 P19) |) 5 :| 12") 14) == = | 60 
12 21 5 Oh |) CL) |) BA BR] BO) Pes es I es Pe pea 108 
13 30 | 8 HS eterleten| coe: ssn iompouieto tip | =9s b=" l= age 
14 16 | 2 | 22) 27;—});—|—}/—}/—}/—]|—]}|—}—| 48 
15 19 | 6 } 12 | 14 | 29 | 27) 17) 15 | —|] —| —| — | — | 114 
16 | 29 | 4 | 23 | 28 | 27 | 26 | — | — a O04: 

| | | | | | 


Average number of progeny per female: 103; maximum, 172; minimum, 19. Average progeny per pupa: 
17-35 ; maximum, 36; minimum, 2. Average number of larvae attacked by each parasite ; 5:94; maximum, 11: 
minimum, 1. 
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the total progeny ranged from 19 up to 172 for each female, the average being 103, and 
that the number of puparia attacked by each of these sixteen parasites ranged from a 
maximum of 11 to a minimum of 1, the average being 5:94. 


Percentage of Parasitism. 

In a series of experiments (Table 4) various concentrations of parasites were used 
in breeding cages, and subsequently the total parasitized and unparasitized fly larvae 
were counted. The percentage of parasitism thus obtained was very variable, and while 
in several of these experiments it reached a very high figure, even in experiment No. 3, 
where almost two female parasites were available for each fly larva, it did not reach 
100 per cent. The breaking, or cutting, of the fruit to facilitate parasite entry and the 
subsequent activities of the parasites therein, disturbed the larvae, and, as many of the 
latter were mature, they left the fruit promptly and escaped parasitism. 

Parasitism obtained in the laboratory cannot be considered as a reliable indicator of 
what may take place in the field. On the other hand, it appears that the main entry of 
the adult parasite even under field conditions is through openings made by the first fly 
larvae leaving the fruit to pupate, and some fly larvae will always thus escape parasitism. 
The tact that by far the greatest parasite oviposition occurs during the first twenty-four 
hours, is obviously a great advantage when it is remembered that the host larvae are 
maturing or mature at the time the parasites enter the fruit. 


TABLE 4. 
Percentage of Strumeta tryoni Parasitized by M. indicum in the Laboratory. 


Female Fruit Fly 
Experiment Parasites Larvae Fly Larvae —__—~ Percentage of 
Number. Used. Present. Parasitized. Parasitism. 
1 77 102 66 64°71 
2, 80 94 ; 88 93-62 
3 520 267 222 83°15 
4 100 50 39 78-00 
5 313 1,370 898 65-55 
6 120 386 119 30°83 
7 120 486 270 55°55 


Details of Seasonal Breeding. 


In Table 1 are set out the detailed records of the numbers of adult parasites developed 
in the eleven generations, in the laboratory in Sydney. It will be seen that altogether 
370,152 adults of Melittobia indicum were developed. The minimum life-cycle varied from 
15 to 33 days in the various generations, and adults of M. indicum were emerging in the 
laboratory from 19th November, 1937, until 20th June, 1938, which is the first month of 
winter. The temperatures prevailing in September and October in New South Wales 
would: easily enable M. indicum to complete one generation prior to the end of October, 
so that under New South Wales conditions M. indicum could pass through twelve 
generations per annum. 
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CONTRIBUTIONS TO A KNOWLEDGE OF AUSTRALIAN CULICIDAE. No. V.* 


By Frank H. Taytor, F.R.E.S., F.Z.S., School of Public Health and 
Tropical Medicine, University of Sydney. 


(Hight Text-figures. ) 


{Read 19th August, 1942. ] 


ANOPHELES PUNCTULATUS Donitz var. MOLUCCENSIS Swell. and Swell. de Graaf. 

Bull. Ent. Res., xi, 1920, 78; Taylor, Trans. Far. Hast. Ass. Trop. Med. 7th Congr., India, 
Dec., 1927, iii, 1929, 148; A Check List of the Culicidae of the Australian Region, 
Commonw. Aust., Dept. Hith. Serv. Publ. (Sch. Publ. Hith. and Trop. Med.), No. 1, 
May, 1934. 

The possibility of the occurrence of the typical form and the variety moluccensis 
was forecast by me in the paper which was published in Volume 3 of the Transactions 
of the Seventh Congress of the Far Eastern Association of Tropical Medicine held in 
Calcutta in December, 1927. Since writing the above paper no serious work on the genus 
in Australia has been done by me, except to make such collections as were possible. 

Doubt was cast recently in Cairns on my belief that the species represented there 
were Anopheles annulipes Walker and A. amictus Edwards, since some of the latter 
showed scarcely any scales on the dorsum of the abdomen, which specimens I took to be 
abraded A. amictus Edwards; the palpal markings varied from those of the latter species. 

I have now examined the Anopheles specimens taken recently by me in Cairns, in 
addition to a few others captured by Army collectors. Material collected by myself on 
previous occasions in Cairns and Innisfail has also been examined, when it was found 
that A. punctulatus var. moluccensis and A. amictus predominated, while there were only 
a few specimens of A. annulipes. 

The variety moluccensis may be separated from A. anictus Edwards by the markings 
ot the palpi (Figs. 1-4) and the scaling of the abdomen, which in A. amictus Edwards is 
dense (Fig. 5), while in var. moluccensis Swell. and Swell. de Graaf only the three last 
segments of the abdomen bear scales, those on the ante- and penultimate segments being 
scattered. 

The markings on the anterior margin of the wing are somewhat variable, but conform 
fairly well with published illustrations (Figs. 6-8). 

I have not given the full literature as that is obtainable in my Check List. 

Habitat—Queensland: Cairns (F. H. Taylor, 1927, 1942), Innisfail (F. H. Taylor, 
1926), Lockhart River (Rev. Flint, 1927). 


AEDES (STEGOMYIA) AEGYPTI Linnaeus. 
Hasselquists’ Reise nach Palestina, 1762, 470 (Culex). 

This mosquito has been found in the following localities which constitute its 
extreme southern points of range. Its distribution in Australia will be dealt with in a 
forthcoming publication. The New South Wales localities are my own findings. 

Habitat.—W. Aust.: Fremantle (Norris); N.S.W.: Brooklyn (3.11.31), St. Albans 
(x.381), Rookwood Cemetery (22.v.42), Merriwagga (12.11.86), Narrandera (18.ii.36), and 
Junee Junction (22.11.36). 


* Continued from these PROCEEDINGS, xliii, 1918, 826. 
Ys 
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Figs. 1-2.—Anopheles punctulatus var. moluccensis Swell. and Swell. de Graaf. 1. Palpi of 
Coe ee alpiNote Ys 

Figs. 3-5.—Anopheles amictus Edwards. 3. Palpi of ~@. 4. Palpi of 9. 5. Portion of abdomen 
to show the scales which cover the entire dorsum of the abdomen. 

Fig. 6.—Anopheles punctulatus var. moluccensis Swell. and Swell. de Graaf. Wing showing 
the markings on the anterior margin. 

Figs. 7-8.—Anopheles amictus Edwards. 7. Wing. 8. Anterior margin of wing showing 
variation in markings. 

All figures from ‘“‘Die Anophelen von Niederlandisch-Ostindien’’, by N. H. Swellengrebel and 
EH. Rodenwaldt. Jena, 1932. 
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THE HFFHCT OF DERIVATIVES OF STILBENE ON THE INSULIN CONTENT OF 
THE PANCREAS OF THE RABBIT. 
By Mervyn Grirrirus, M.Se., Linnean Macleay Fellow of the Society in Physiology. 
(From the Department of Medicine, University of Sydney.) 


[Read 23rd September, 1942. ] 


Griffiths and Young (1940) have shown that implantation of tablets of the synthetic 
oestrogen stilboestrol, 4:4’ dihydroxy-a, 8-diethyl stilbene, induces a substantial increase 
in the amount of insulin in the pancreas of the rat. Shortly afterwards, Vazquez-Lopez 
(1940), working with mice treated with the natural oestrogen, oestrone, implied that this 
increase could be correlated with hypertrophy of the Golgi apparatus in all cells of all 
the Islets of Langerhans examined. Marks and Young (1940) and Griffiths, Marks and 
Young (1941), using rats again, demonstrated that implanted tablets of the natural 
oestrogens, oestrone, oestradiol and oestriol, could increase pancreatic insulin. Conrat, 
Herring, Simpson and Evans (1941) have confirmed the finding that implanted tablets 
ot oestrogen, a oestradiol diproprionate, will increase the amount of insulin in the normal 
rat’s pancreas, but have found that it is ineffective in the hypophysectomized rat whether 
treated or untreated with maintenance injections of a globulin fraction of anterior 
pituitary extract. 

The above observations, with the exception of those of Vasquez-Lopez, have been 
made on rats only. Consequently this work was undertaken with the view to investigate 
the possibility of oestrogen increasing the amount of insulin in another species, the 
rabbit. The oestrogen used was hexoestrol, 4:4’ dihydroxy-a, 8-diethyl-dihydro stilbene. 
The results are recorded below and also the results of treatment with a methyl stilbene 
of which Dodds, Fitzgerald and Lawson (1937) have found that even very large doses 
are non-oestrogenic. The insulin-increasing properties of a third substance, an iodinated 
oestrogenic derivative of stilbene prepared by Dr. V. M. Trikojus of this department, 
were examined in one instance. Details of the chemistry of this substance will be 
published at a later date. 
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Methods. 

Animals.—Rabbits of both sexes of approximately 2,000 gm. weight were used. Diet 
consisted of bran, fresh lucerne and water. 

Injections.—Hach of the three substances was dissolved in arachis oil and injected 
for periods of from 4 to 10 weeks, in doses of 2:5 to 10:0 mgm. for hexoestrol and the 
iodinated derivative, and in doses of 10 to 20 mgm. for the a methyl stilbene. In a few 
cases 5 to 10 mgm. tablets of hexoestrol were implanted (rabbits indicated in Table 1) 
in addition to the drug being injected in oily solution. 

Extraction and Assay of Pancreatic Insulin.—Two blood samples for sugar estimation 
were taken at the end of treatment, and the animals killed by a blow. A known weight 
of pancreas composed of pieces taken from various regions of the diffuse organ, was 
extracted and a crude insulin solution prepared from this extract, by the method of 
Jephcott (1932). The potency of the unknown solution was determined by a cross-over 
test on four rabbits, carried out by the method of Marks and Pak (1936). The blood 
samples for sugar estimation, however, were not pooled, but were taken individually 
at 13, 3 and 5 hours after injection of insulin. For conversion of the relative effect to 
true potency, the writer has used Marks’ equation, 
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response to unknown 

response to standard ) 

By the above procedure, in two cross-over tests, 4 unit of Burroughs Wellcome’s 

crystalline insulin, tested against a standard of 4 unit, returned a potency of 0-46 unit 

in one case, and 0:48 unit in the other, which indicates a reasonable degree of accuracy. 
Blood sugar in all cases was determined by the method of Hagedorn and Jensen on 

0:10 ml. of blood (venous). 


2 
log result = log assumed strength + —( 


Results. 


From the data in Table 1 it can be concluded that the two oestrogenic substances 
exerted similar actions on the normal rabbit, namely: no remarkable change in body 
weight or blood sugar value, a decrease in weight of the liver, marked atrophy of the 
testes (with retraction from the scrotum into the abdomen) and ovaries, no change in 
weight of the adrenals, and a very considerable increase in pancreatic insulin. This 
increase amounted to an increment of 91% above the control value. 


TABLE 1. 
Body Weight, | Tnsulin 
Substance gm. | Blood Liver Testis Adrenal | Content, 
Rabbit. Injected | Sugar, Weight, | Weight(2),) Weight(2),) Units/gm. 
and Dose, | mgm. %. gm. gm. gm. of 
mgm. Initial. Final. Pancreas. 
| 
(1) White J 2,010 - PAL 56-4 5:79 0-22 3:21 
(2) Grey 2° 2,950 2,805 121 52-5 * 0-41 4-98 
(3) White ¢ 2,270 2,130 87 45-9 3°70 0:43 6-67 
(4) White ¢ 2,230 103 51:5 25 il 0-25 
(5) White ¢ 1,880 78 58-0 5-12 O27 5192. 
Average | 2,215 102 53-0 4-28 0-32 5-20 
(6) White 3 | Hexoestrol tab- | 
lets implanted | 
and 20 mgm. | 
injected so, | Pa cPA0) 2,640 | 105 41:3 1-66 0:43 6:91 
(7) White ¢ | Hexoestrol im- 
planted and 
27-5 mgm. in- 
| jected ye 2,890 2,690 | 116 48-0 1:57 0:39- 7:68 
(8) Grey 9 Hexoestrol im- 
planted and 
35 mgm. in- | 
| jected a 2,420 | 2,270 120 33-9 7 0:23 7-67 
(9) White ¢ | Hexoestrol 65 
mgm. injected 1,750 1,820 | 82 55-0 0-68 0-24 13-80 
(10) White 3 | Hexoestrol 60 
mgm. injected 2,150 2,110 65 42-7 1-15 0-24 8:18 
Average 2,386 2,306 98 44-2 1:27 0-31 8-85 
(11) White g | Iodinated  de- 
rivative 33 
mgm. ie 2,220 2,170 112 45°8 1:67 0:24 15-56 
(12) White 3 | Methyl stilbene 
| 100 mgm. .. 2,090 2,220 91 56:8 3:16 0-53 7:48 
(13) White J | Methyl stilbene 
400 mgm. .. 2,030 2,150 62 53:2 4°36 0:38 39-69 
(14) White J | Methyl stilbene 
460 mgm... 2,450 2,600 99 87-0 5-52 0:49 | 26:49 
Average 2,190 | 2,323 84 66:0 4°35 0:47 24-49 


* Ovary weight (2), 0:60 gm. + Ovary weight (2), 0:22 gm. 
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The non-oestrogenic a methyl stilbene likewise induced little change in body weight 
or blood sugar, but produced an increase in liver weight of doubtful significance, 
increased adrenal weight, no change in testes weights or their disposition in the scrotum, 
and a markedly enhanced insulin content. 


Discussion. 

Comparison of the data in Table 1 with the data of Griffiths and Young (1942) and 
some hitherto unpublished data of the same workers, summarized in Table 2, shows 
that the responses of the rat and of the rabbit to oestrogen differ in some respects. In 
the rat there are increases in adrenal and liver weights, whereas in the rabbit, adrenal 
weights are unaffected and the liver decreases in weight, but in both species body 
weights and blood sugar values are practically unaltered, the testes atrophy, and 
pancreatic insulin is increased. 


TABLE 2. 


Number Liver Wt. Testis Wt. (2), Adrenal Wt. (2) 


of Rats Treatment. Blood Sugar, gm./100 gm. gm./100 gm. mgm./LO00 gm. 
in Group. mgm. %. Body Wt. Body Wt. Body Wt. 
18 Control Bi nie a ae 84 3°72 1:07 19:7 
20 Two 15-mgm. tablets of stilboestrol 
implanted for 3-5 weeks Se 93 6-10 0-27 31-9 


In Table 2 the blood sugar value for the stilboestrol-treated rats is not significantly 
above that of the controls, so that neither the writer’s results nor those of Griffiths and 
Young confirm Ingle’s (1941) finding that stilboestrol exerts a diabetogenic action. 

With regard to the results with a methyl stilbene, the atrophy of the testes in the 
oestrogen-treated rabbits and the absence of any effect on the testes in those treated 
with a methyl stilbene, substantiates the finding of Dodds, Fitzgerald and Lawson (1937) 
that a methyl stilbene is non-oestrogenic. As the a methyl stilbene increases pancreatic 
insulin and is chemically closely related to hexoestrol and stilboestrol, it would seem 
that the insulin-increasing properties of the two latter substances have little to do 
with their oestrogenic properties. 

Nothing can be said about the mechanism of action of a methyl stilbene except to 
point out that Conrat, Herring, Simpson and Evans (1941) have found very good 
evidence that a oestradiol diproprionate exerts its action through the hypophysis, namely: 
(1) the pituitaries of oestrogenized rats when implanted raise the pancreatic insulin 
content of the host animals, while pituitaries of untreated rats do not, and (2) oestrogen 
fails to increase pancreatic insulin in hypophysectomized rats. It will be of interest to 
see similar experiments carried out with stilbene derivatives. 


Summary. 


(1) The synthetic oestrogen 4:4’ dihydroxy-a, 6-diethyl-dihydro stilbene and an 
iodinated derivative of stilbene, increase pancreatic insulin content, and induce atrophy 
of the testis in the rabbit. 

(2) The statement that a methyl stilbene is non-oestrogenic is substantiated in so 
far as the drug has no effect on the testes of the rabbit. Nevertheless, this stilbene 
derivative increases to a marked degree the insulin content of the pancreas. 
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THE ANTI-INSULIN ACTIVITY OF ANTERIOR PITUITARY AND ADRENAL 
CORTICAL EXTRACTS. 


By Mervyn GrirrirHs, M.Sc., Linnean Macleay Fellow of the Society in Physiology. 
(From the Department of Medicine, University of Sydney.) 


(One Text-figure.) 
[Read 23rd September, 1942.] 


Selye and Dosne (1939) have shown that in the rat, blood sugar changes brought 
about by subcutaneously injected adrenalin or insulin are partially inhibited by pretreat- 
ment with cortin. Without reference to this work, Jensen and Grattan (1940), Hartman, 
Brownell, Walther and Edelman (1940), and Grattan and Jensen (1940) have also shown 
that similar pretreatment antagonizes the hypoglycemic effects of subcutaneously injected 
insulin in mice. Grattan, Jensen and Ingle (1941) found likewise that cortical extract 
inhibits the hypoglycemic effects of subcutaneous insulin in adrenalectomized mice and 
that adrenotropic hormone (Lyons), whilst capable of glycotropic (anti-insulin) activity 
in normal mice, is without effect in the adrenalectomized animal. They implied that the 
chronic insensitivity to intravenous insulin, demonstrated by Young (1936) and others, to 
follow pretreatment with anterior pituitary extract is due to promotion of adrenal cortical 
secretion by adrenotropic hormone in the extract. Apparently Grattan, Jensen and Ingle 
were unaware that Himsworth and Scott (1938) demonstrated that Young’s pituitary 
glycotropic factor completely inhibited the hypoglycemic action of intravenously injected 
insulin in adrenalectomized rabbits. 

Furthermore the inhibition of subcutaneously administered insulin by adrenal 
cortical extract may be due to retardation of the absorption of insulin from the 
subcutaneous tissues by the adrenal cortical extract. Posterior lobe pituitary extract has 
been shown to have this effect on insulin injected subcutaneously (Griffiths, 1941). It 
was considered of interest, therefore, to compare the effects of pretreatment with adrenal 
cortical extract on the hypoglycemic response to a given dose of insulin injected ~ 
intravenously, with the effect of the pretreatment on the same dose of insulin given 
subcutaneously, in the same animal. 


Methods. 


Unanaesthetized rabbits of both sexes and unanaesthetized male mice were used. 

Hach rabbit served as its own control, and details of injections in all experiments 
are given in Table 1 and legends to Figure 1. In the rabbit experiments, two venous 
blood samples were taken before, and one sample at 10, 20, 30, 60, 90 and 150 minutes 
after, injection of insulin. In the mouse experiments blood was obtained by decapitation, 
40 minutes after injection of insulin. Blood sugar in both cases was estimated by the 
method of Hagedorn and Jensen on 0:10 ml. blood. 

The extracts used were Parke, Davis adrenal cortical extract, Eschatin, containing 
0:5% phenol, and a crude extract of fresh ox pituitary anterior lobe made according to 
Young (1938). These extracts were injected subcutaneously. Burroughs Wellcome’s 
crystalline insulin was used in all experiments. 


Results. 


The data in Table 1 show that in mice, pretreatment with adrenal cortical or anterior 
pituitary extract inhibited the hypoglycemic effect of subcutaneously injected insulin. The 
degree of inhibition in both cases was significant, the difference between the mean values. 
for the groups pretreated with either adrenal cortical or anterior pituitary extract and 
the mean of the untreated group (injected with insulin) lying at the 2% significance 
level as determined by Fisher’s t-test. 
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TABLE 1. 
Blood Sugar in 
Number of mgm. %, 40 
Mice in Pretreatment Injections. Treatment. Minutes after 
Group. inal Injection. 
8 0:5 ¢e.c. saline subcutaneously at 0, 0:5 c.c. saline injected subcutaneously 95 
(Control 14 and 34 hours during 5-hour fast. at end of 5th hour. 
group) 
5 0-5 ee. anterior pituitary extract O-1 unit insulin in 0°5 c.c. saline 63 
subcutaneously at 0, 14 and 34 hours. subcutancously at end of 5th hour. 
5 _ 0-5 ¢c.c. Eschatin subcutaneously at 0, O-1 unit insulin in 0:5 c.c. saline 65 
14 and 34 hours. subcutaneously at end of 5th hour. 
6 0-5 c.c. saline subcutaneously at 0, O-1 unit insulin in 0-5 c.c. saline 50 
14 and 34 hours. subcutaneously at end of 5th hour. 


To a far lesser extent pretreatment with adrenal cortical extract inhibited the action 
of subcutaneously injected insulin in rabbits. In a series of seven rabbits, eight experi- 
ments were carried out, a dose of 2 units of insulin being injected in each case. The 
average of the percentage reductions (calculated according to Marks and Pak, 1936) was 
31:0 without pretreatment, and 26:0 with pretreatment. The difference between these 
two means was not significant, possibly due to low dosage of adrenal cortical extract. 
In four experiments, the effect was well marked (Fig. 1, curves A and B), and the 
difference between these two average curves up to 90 minutes after injection of insulin 
was significant (p = 0:05). However, in these same animals there was no glycotropic 
effect when the same dose of 2 units of insulin was injected intravenously after identical 
pretreatment (Fig. 1, curves C and D). 


10 O fee 


Initial Value. 


Blood Sugar as Percentage of 


10 20 30 60 90 ISO 


Time in Minutes. 
1Dses al 

Curve A.—Rabbits 3, 5 and 6. Response, at conclusion of 21-hour fast, to 2 units of insulin 
injected subcutaneously, after pretreatment at 0 and 17 hours of the fast with 50 dog units 
(2:0 c.c.) Eschatin. Average of 4 experiments. 

Curve B.—Same rabbits. Response, at conclusion of 21-hour fast, to 2 units of insulin 
injected subcutaneously, after pretreatment with 2:0 c.c. of 0:5% phenol at 0 and 17 hours. 
Average of 4 experiments. 

Curve C.—Same rabbits. Response, at conclusion of 21-hour fast, to 2 units of insulin 
injected intravenously, after pretreatment with 50 dog units Hschatin at 0 and 17 hours. 
Average of 4 experiments. 

Curve D.—Same rabbits. Response, at conclusion of 21-hour fast, to 2 units of insulin 
injected intravenously, after pretreatment with 2 c.c. of 0:-5% phenol at 0 and 17 hours. Average 
of 6 experiments. 

Curve E.—Rabbits 13, 16, 21 and 451. Response, at conclusion of 21-hour fast, to 2 units 
of insulin injected intravenously, after pretreatment with 4:5 c.c. of anterior lobe pituitary extract 
at 0 and 17 hours. Average of 4 experiments. 

Curve F.—Same rabbits 13, 16, 21 and 451. Response at conclusion of 21-hour fast, to 2 
units of insulin injected intravenously. No pretreatment. Average of 4 experiments. 
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This is in marked contrast to the chronic insensitivity to 2 units of insulin injected 
intravenously, brought about by pretreatment with anterior lobe pituitary extract (Fig. 1, 
curves E and F). The difference between those two curves is highly significant 
(p = 0:02). 

Discussion. 

It would appear from the above data that the dosage of adrenal cortical extract used 
in these experiments can exert an antagonism to subcutaneously injected insulin, 
apparently by lowering the rate of absorption of the insulin, without affecting in the 
least the response to intravenously injected insulin. This casts doubt on the significance 
of much of the work on the glycotropic activity of the adrenal cortex, and probably 
explains why Selye and Dosne found that pretreatment with adrenal cortical extract 
antagonizes both hyperglycemia due to subcutaneous adrenalin and hypoglycemia due 
to subcutaneous insulin. 

Lewis, Kuhlman, Delbue, Koepf and Thorn (1940) have shown in an unstated 
number of adrenalectomized dogs that the severe hypoglycemia due to intravenously 
injected insulin is alleviated by pretreatment with very large doses of adrenal cortical 
extract. Whether this is due to a true glycotropic action or is due to a general improve- 
ment in the animals’ health is difficult to say, but should it be accepted as a glycotropic 
action, the apparent discrepancy between the results of Himsworth and Scott (1938) and 
Grattan, Jensen and Ingle (1941) may be explained. It is possible that there are two 
glycotropic factors in pituitary extract; one which exerts its action independently of 
the adrenals, as was found by Himsworth and Scott, and the other, the adrenotropic 
factor which Grattan, Jensen and Ingle found would exert a glycotropic action only in 
animals with intact adrenals, exerting its action by stimulating the adrenal cortex to 
secrete its anti-insulin substance. 


Summary. 


(1) Since a dosage of adrenal cortical extract that will exert an anti-insulin effect 
with subcutaneously injected insulin, has no effect on the same dose of insulin injected 
intravenously, it is inferred that adrenal cortical extract can retard the rate of absorption 
of insulin from the subcutaneous tissues. This implies that much of the work on the 
glycotropic activity of adrenal cortical extract where the insulin was _ injected 
subcutaneously, is of doubtful significance. 

(2) Other workers have presented data which indicate that possibly the pituitary . 
anterior lobe elaborates two glycotropic substances, one which manifests its action 
independently of the adrenals, and the other the adrenotropic factor working through 
the adrenals. 
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A NOTE ON THE EFFECT OF DUODENAL EXTRACT AND OF HEXOESTROL ON 
THE ANTI-INSULIN ACTIVITY OF ANTERIOR LOBE PITUITARY EXTRACT. 


By Mervyn Grirritus, M.Sc., Linnean Macleay Fellow of the Society in Physiology. 
(From the Department of Medicine, University of Sydney.) 


(One Text-figure. ) 
[Read 23rd September, 1942.] 


De Barbieri (1939) has claimed that pretreatment with a duodenal extract, adminis- 
tered orally, will abolish the well-known chronic insensitivity to insulin induced by 
injection of anterior lobe pituitary extract (see Young, 1938). However, Loew, Gray 
and Ivy (1940) conclude that the duodenum plays little part in carbohydrate metabolism, 
but fail to consider De Barbieri’s work. Consequently it is of interest to investigate 
De Barbieri’s claim. 

As recent work (James and Nelson, 1940; Griffiths, Marks, and Young, 1941; Ingle, 
1941) has shown that synthetic oestrogens exert a profound influence on carbohydrate 
metabolism, it was also considered of interest to study the effect of injection of a 
synthetic oestrogen, hexoestrol, on anterior pituitary induced insulin insensitivity. The 
results of some experiments on both the effect of duodenal extract and of hexoestrol on 
this insulin insensitivity are recorded below. 
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supply of hexoestrol. 


Methods. 


Biological—Male and female rabbits on a régime of bran and lucerne were used for 
the study of the effect of duodenal extract on glycotropic activity of pituitary extract. 
Each rabbit served as its own control. Four experiments were made using freshly- 
prepared extracts each time. 

In the hexoestrol experiments, male wistar rats were used. These were given a 
standard laboratory diet, fresh milk, and water, daily. 

Chemical.—The duodenal extract used was made from fresh ox duodenal mucosa 
according to Heller (1929), and the pituitary extract from fresh anterior lobes of ox 
pituitaries by a modification of the method of Young (1938). These two extracts were 
injected subcutaneously. The hexoestrol was dissolved in arachis oil and injected intra- 
peritoneally. Burroughs Wellcome’s crystalline insulin was used in all experiments. 
Details of the injections are given in Table 1 and in the legends to Figure 1. 

In the rabbit experiments, two control venous blood samples were taken before the 
intravenous injection of two units of insulin, and blood samples at 10, 20, 30, 60, 90 and 
150 minutes after this injection. In the rat experiments blood was obtained by 
decapitation, 1 hour after subcutaneous injection of one unit of insulin. 

Blood sugar was determined by the method of Hagedorn and Jensen on 0-1 ml. blood. 


Results. 


From Figure 1, curves A and B, it is seen that chronic insensitivity to the hypoglycemic 
effect of 2 units of insulin injected intravenously, is induced by injections of anterior lobe 
pituitary extract given some hours previous to the insulin, and that injections of duodenal 
extract do not have any effect on this insensitivity. Curve C shows the normal response 
to the intravenous injection of 2 units of insulin. 
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Curve A.—Rabbits 1, 2, 3 and 4. Average response, at conclusion of 21-hour fast, to 2 units 
of insulin injected intravenously, after pretreatment with 4:5 «@.c. of anterior lobe pituitary 
extract at 0 and 17 hours. 

Curve B.—Same rabbits. Average response, at conclusion of 21-hour fast, to 2 units of 
insulin injected intravenously, after pretreatment with 4:5 c.c. of anterior lobe pituitary extract 
and 15-0 c.c. of duodenal extract at 0 and 17 hours. 

Curve C.—Same rabbits. Average response, at conclusion of 21-hour fast, to 2 units of 
insulin, injected intravenously. No pretreatment. 


The results of the experiments with hexoestrol are summarized in Table 1. From 
this table it is seen that in rats untreated with hexoestrol, the anterior pituitary extract 
produced a definite inhibition of the hypoglycemic action of the insulin, the blood sugar 


TABLE 1. 
Treatment. Blood Sugar 
Number Average - in mgm. % 
of Rats Wt., 5th Day. 1 Hour 
in Group. grams. 4 Days’ after Final 
Pretreatment. A. B. Injection. 
5 277 1 ce. arachis oil daily, 1 ce. H.O injected 0-5 ec.c. HO injected 106 
(control injectedintraperitoneally. intraperitoneally at 0, subcutaneously at 6th 
group) 2 and 4 hours during hour of fast. 


6-hour fast. 


5 255 1 ¢c.c. arachis oil daily, 1c.c. of anterior pituitary 1 unit insulin in 0-5 e.e. 77 

injectedintraperitoneally. extract injected intra- HO subcutaneously at 
peritoneally at 0,2 and 6th hour of fast. 
4 hours during 6-hour 
fast. 

5 225 2-5 mgm. hexoestrol daily, 1c.c. of anterior pituitary 1 unit insulin in 0-5 e.c. 56 
in 1 ee. arachis oil, extract injected intra- H.O subcutaneously at 
injectedintraperitoneally. peritoneally at 0, 2 6th hour of fast. 

and 4 hours during - 
6-hour fast. 

5 240 1 c.c, arachis oil daily, 1 ¢.c. H,O injected intra- 1 unit insulin in 0-5 c.e. 46 
injectedintraperitoneally. peritoneally at 0, 2 H.O subcutaneously at 

and 4 hours during 6th hour of fast. 
6-hour fast. 

4 204 2-5 mgm. hexoestrol daily, Fasted for 6 hours. 1 unit insulin in 0:5 e.e. 49 
in 1 e.e. arachis oil, H,O intraperitoneally at 
injected intraperitoneally. 6th hour of fast. 

4 189 1 e.e. arachis oil daily, Fasted for 6 hours. 1 unit insulin in 0-5 c.e. 50 
injected intraperitoneally. H,O intraperitoneally at 


6th hour of fast. 
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falling to an average value of 77 mgm. %, whilst in untreated rats injected with insulin 
the blood sugar fell to 46 mgm. ™%. The figure for the control group of rats was 106 
mgm. %. However, in the rats pretreated with hexoestrol, the inhibition of insulin 
hypoglycemia due to pituitary extract was largely overcome, and the blood sugar value 
fell to a mean of 56 mgm. %. By Fisher’s t-test the difference between the mean value 
56 mgm. % and the mean value of 77 mgm. % for the pituitary treated group without 
hexoestrol pretreatment, was found to be significant (p = 0-05). 

It is also apparent from the last two experiments in Table 1 that hexoestrol does 
not inhibit the anti-insulin activity of the pituitary extract by increasing the animal’s 
sensitivity to insulin per se. It is possible, then, that hexoestrol inhibits the action of 
anterior pituitary extract by retarding its absorption from the peritoneal cavity. This 
is unlikely, as in these last two experiments in Table 1 the insulin was injected intra- 
peritoneally and the hexoestrol apparently had no effect on its absorption, so there is no 
reason to suppose that hexoestrol alters the absorption of anterior pituitary extract. 
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THE GEOLOGY OF THE COUNTY OF SANDON, N.S.W. 


By A. H. Vorsry, M.Sc., Lecturer in Geology and Geography, New England 
University College. 


(Two Text-figures. ) 


[Read 23rd September, 1942.] 


This paper deals with the general geology of the County of Sandon, and small parts 
ot the adjoining counties of Clarke and Hardinge. The City of Armidale lies in the 
centre of the area mapped. 

Expenses incurred during field operations were covered by a grant from the 
Commonwealth Research Fund. 


Previous Literature. 

E. C. Andrews (1900, 1903, 1904, 1905, 1907) was responsible for most of the early 
field work carried out in the district. He mapped the Hillgrove area, and boundaries 
shown on the map (Fig. 1) in that neighbourhood were surveyed by him (Andrews, 
1900). 

H. G. Raggatt (1938) surveyed a large part of the country east of Wollomombi Creek 
and his work has been drawn upon for much of the information relating to this region. 

A small area around the City of Armidale was mapped by the writer in 1938 (Voisey, 
1938). 


STRATIGRAPHY. 
Summary. 

Lower Palaeozoic rocks comprise the Nambucca Series, the Woolomin Series and 
possibly rocks of Devenian age. Difficulty has been experienced in attempting to separate 
these beds. Approximate boundaries are shown on the map (Fig. 1). All these rocks: 
have been intruded and metamorphosed by Upper Palaeozoic granites and porphyries. 
In addition, the Nambucca Series contains synchronous intrusions, possibly of Silurian 
age. 

In depressions in the surface carved from the Palaeozoic rocks lie Tertiary gravels 
and plant beds which will be called the Armidale Series. These have been covered and 
metamorphosed by sheets of basalt. 

Erosion has exposed the Tertiary sediments and underlying rocks. 


ORDOVICIAN? 
The Nambucca Series. 


Slates and phyllites occupy a large part of the country to the east of Armidale. For 
the most part they are similar in character to the rocks of the Nambucca Series which 
are exposed on The Big Hill, and in road cuttings between Wollomombi and Bellbrook 
on the Armidale-Kempsey road. 

Andrews (1900, p. 14) described the Hillgrove beds as altered slates, schists and 
quartzites, siliceous schists and siliceous slates preserving a strike of north 20 degrees 
west, but varying from north 8 degrees east to north 23 degrees west. He also stated 
that the slates were black in colour with some white bands. To the slates tuffs may be 
added, and these may be collected from the dumps of the old Eleanor Mine. 

The Hillgrove rocks, though perhaps hardly altered sufficiently to deserve the name 
of schists, are not typical of the Nambucca Series. They are included in it here only 
because they have been intruded by the gneissic granite and, therefore, are probably 
Silurian or pre-Silurian in age. 
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Characteristic Nambucca slates and phyllites are exposed in a number of places, of 
which the following may be cited: 
1. In Rockvale Creek, near the village of Rockvale—vertical and striking east— 


west. 
2. Road cuttings between Wollomombi and Hillgrove—vertical and striking 
east-west. 


3. Around the Gara River Dam site. 

4. At intervals along the connecting road from Rockvale to Wollomombi—strike 
north-east. 

5. From a mile and a half east of the Armidale-Mihi road to Enmore and 
beyond—strike varying from north 30 degrees east to north 70 degrees east. 

The western limit of the series seems to run in a direction north 10 degrees east 
from a point just east of Mihi Station to the neighbourhood of Aberfoyle. It is possible 
that this marks the position of a fault, since the younger rocks to the west strike 
constantly north and south. 

The slates and phyllites of the Nambucca Series have been developed from fine- 
grained sediments by dynamic metamorphism. They cleave readily, in most cases in 
directions parallel or sub-parallel to the lamination. At the dam site on the Gara River 
the cleavage has been developed in two main directions, and the slate breaks into pieces 
up to three feet in length and only two or three inches in thickness. Associated with 
the slates are coarser beds which resemble quartzites. 

The slates weather typically to a buff colour, but where they have suffered contact 
metamorphism as a result of their proximity to the intruding granite masses, they retain 
their dark colour and weather slowly. Numerous closely spaced quartz veins occur, and 
rocks containing them may be examined between Wollomombi and the Chandler River 
Bridge. 

Two miles north of the Rockvale Creek crossing, slates give way to a series of tuffs 
and claystones. These may not belong to the same series as the slates, since they do not 

“seem to have suffered the same degree of metamorphism. The slates reappear near the 
junction of the road from Rockvale and the Guyra—Ebor road. 

Raggatt (1938, p. 118), after a study of aerial photographs, considered that the 
general structure was that of an anticline plunging to the north-west. He noted that 
the dips in the north were northerly at about 60 degrees, and those in the south were 
westerly. 


DEVONIAN? 
The Woolomin Series. 

The same difficulty which Benson (1913, p. 495, 1915, p. 546, 1918, p. 328) encountered 
in his survey of the Great Serpentine Belt has arisen in the Armidale area. Although 
Benson abandoned the use of the name Woolomin in favour of Eastern Series, it retains 
its usefulness since it implies the presence of a distinctive lithology. Moreover, no 
spilites, limestones nor other rocks characteristic of any portion of the Tamworth or 
Barraba series have been encountered, although the olive-green mudstones, and green 
and grey tuffs somewhat resemble those in the series named. 

The rocks consist of red jaspers, green and white quartzites, tuffaceous conglomerates, 
tuffs and mudstones. The jaspers in places are manganiferous. An attempt was made 
to separate the tuffs and mudstones, lying between Armidale and The Pinnacle, from the 
quartzites and jaspers, but these rocks were found interbedded with them. It has been 
decided, therefore, to include all the units in the Woolomin Series. 

Good exposures of the jaspers and quartzites are to be seen in the hills lying 
immediately to the east of Armidale. In this neighbourhood their north-south strike is 
expressed by the topography. Tuffs and greenish-grey mudstones lie between these 
siliceous rocks, and a belt of quartzite which has been quarried near the Rugby League 
Football Ground, and which outcrops in Barney Street between Jessie and Markham 
Streets. Westward, tuffs outcrop at intervals along Dumaresq Creek, and again the 
jaspers and quartzites are met near New England University College. 


290 GEOLOGY OF THE COUNTY OF SANDON, N.S.W., 


As already described (Voisey, 1938, p. 463), tuffaceous sandstones, tuffs and mud- 
stones are revealed by Saumarez Creek on the Armidale-Bundarra road. An outcrop 
near the head of Blackfellow’s Gully consists mainly of manganiferous red jasper, but 
the tuffs are revealed by a tributary of the Gully near the road bridge. 

Jaspers also lie in close proximity to an intrusion of lamprophyric rock which 
occurs in Blackfellow’s Gully beside the road about half a mile west of the bridge. 

Four miles south of Kelly’s Plains on the Armidale-—Gostwyck road tuffaceous 
conglomerates outcrop. They contain mostly hard rock types and the rounded pebbles 
are set in a coarse grey tuffaceous matrix. In some localities they show signs of having 
suffered some dynamic metamorphism. Other places where outcrops have been noted 
are: 

1. Alongside the Armidale—Mihi road, a quarter of a mile north of Salisbury 
Creek. 

2. East of Salisbury Lagoon, near Uralla. 

3. On the road between Terrible Vale and Uralla, just east of Terrible Vale 
Creek. 

4. At Dumaresq School. 

5. Nine miles north of Armidale on the New England Highway. 

The reason for the silicification of some of the sediments of this series to form 
quartzites and jaspers is unknown. It may be that it has some genetic connection with 
the great intrusions of granitic rock which took place at the close of Palaeozoic times. 


TERTIARY. 


The name of Armidale Series is given here to the Tertiary rocks occurring around 
the City. These consist principally of conglomerates, grits, sandstones and ferruginous 
cherty shales. A good section may be seen in the Gravel Pit on Portion 939, Parish of 
Armidale: 

Ferruginous cherty shales, 6 inches thick. 
Conglomerates, sandstones and grits, 8 feet thick. 

These beds rest on quartzites of the Woolomin Series, and were overlain by basalt, 
the former position of which is indicated by silicification of some of the upper sediments. 

The cherty shales are very fine grained, are laminated and exhibit conchoidal 
fracture. They contain numerous very well preserved plant remains, including the 
so-called Cinnamomum. 

The conglomerates and grits pass laterally into each other. They are not so 
ferruginous in this locality as they are elsewhere in the district. They contain fragments 
of hard rock types, principally quartz, quartzites and jaspers. Those making up the 
conglomerates are well rounded and are set in a sandy matrix with iron oxides as 
cement. 

The accompanying map (Fig. 1) shows the widespread nature of the deposits, but 
erosion has removed all trace of their former presence over a much larger area. 

Sediments similar to those in Portion 939 appear to be limited to the area between 
Wollomombi and Arding, and from North Armidale to Dangars Falls. They mark the 
former position of the Armidale lake in which they were laid down. 

The lake deposits pass laterally into sediments which reflect the composition of the 
rocks on which they lie. Such material is evidently eluvial and may be termed fossil 
soil. At the junction of the New England Highway and the Big Range road, near 
Uralla, granite soil has been cemented into a siliceous rock which, in its outcrop, 
resembles an aplite. On examination it is seen to consist mainly of quartz grains. A 
similar rock occurs between Dangars Falls and Castle Doyle in the Parish of Tiverton. 
In each case the material overlies the parent granite. 

On the road from Exmouth to Black Mountain, two miles from Black Mountain 
Railway Station, a fine-grained silicified rock contains numerous holes which indicate 
the former position of twigs in the altered soil. Silicification of the Tertiary sediments 
into the rock known as “grey-billy” has occurred in many places owing to the outpouring 
of basalt over them. The former position of the basalt above such material may be 
interred. 


BY A. H. VOISEY. 291 


x x Kw x 
ree any , 
K | 
x x x x | 
i yi pm: x x | 
OG To tS) $1 
Dore > ABERFOYLE % xX | 
os 3 eK EX 
ale ni 
70 x 
CHANOLERS 
PEAK 


: \ 

. 1 
. LI 
fBLACK MOUNTAIN * 


xe ai Go 
m = Kn 
=—g= ——— woes 
a E 
-¢ — — — >)_Wott omomat 
erred ax, *% FALLS —— P— — |} 
Se pa DAES | 
Br i 
x * K¢ | 
j x x % XK 5 | 
x x x | 
GROVE : 
ts = 


Whas MONOPOL 


EEGEN DS 


TERTIARY 
BASALT 


ARMIDALE SERIES 


KAMILAROI 
PORPHYRIES ETC. \|A LY 


GRANITE +4 van 


DEVONIAN 
WOOLOMIN SERIES. PUAAAAA 


SILURIAN 
CNEISSIC GRANITE |¥,% %% 


a ORDOVICIAN ? 
OG/ICAL MAP OF THE NAMBLECA SERIES 
COUNTY OF 


GELOLOG/CAL BOUNDARIES 


SA NPD ON POSSIBLE FAULTS 


RAILWAY 


SCALE ROADS 
MILES PUBLIC SCHOOLS 
4 6 


oo aeteie KY 
es) + 

fo ge | 
+ 
+ + 
+ aaa 
Seen ‘ote 


+ 
+ wottun b 


ents, ale 


IGNEOUS ROCKS. 
LOWER PALAEOZOIC. 


Raggatt (1938, p. 118) recorded the presence of a large mass of granite and a 
number of small sills in the Rockvale-Wollomombi area. He pointed out that the 
igneous rock was probably in the form of a synchronous bathylith on account of the 
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fact that the schistosity and schlieren were arranged parallel to the strike of the 
intruded sediments. 

One body of the granitic rock was traced from Wollomombi via Hillgrove to Cooney 
Creek and another was found to occur in the neighbourhood of Aberfoyle. The intrusions 
are elongated in an east-west direction. 

With regard to the synchronous nature of the intrusions it is of interest to note 
that Andrews as early as 1900 (Andrews, 1900, p. 17) was impressed by the steep angle 
of slope of the granite and slate contact at Hillgrove. This feature, together with 
lit-par-lit injection of the gneissic rock into the slates of the Nambucca Series, may be 
seen near the Chandler River Bridge. 

The intrusions have differentiated into a variety of rock types. Some of these were 
evidently the rocks mentioned by Andrews (1907, pp. 212-228). Analyses and descriptions 
were given and names allotted according to the C.I.P.W. classification. Among them are: 
No. 3,668 Camptonose, No. 3,584 Toscanose, No. 5,388 Kentallenose. He remarked upon 
the fact that the specimens of biotite granite of Hillgrove possess one common feature, 
namely, evidence of varying degrees of cataclastic action. 

The generally lower percentage of silica, the presence of a great deal of biotite in 
most phases and the foliated character of the rocks distinguish them from the later 
intrusives which occur to the north and west of Hillgrove. 

Near the Chandler River Bridge two phases of the intrusion occur. One is a dark 
rock, rich in biotite and relatively poor in quartz, and the other, which is poor in biotite 
and contains more quartz. The last-named is marginal, and it is suggested tentatively 
that it was formed during the time when pressure was being applied to the consolidating 
magma, as has been suggested to explain a similar occurrence at Cooma. 

No petrological work has been carried out on the suite. 

Raggatt’s suggestion that the granite is epi-Silurian is accepted since post-Silurian 
beds do not appear to have shared the dynamic metamorphism which affected the 
Lower Palaeozoic rocks (Raggatt, 1938, p. 118). 


UPPER PALAEOZOIC. 


The New England bathylith containing a great variety of differentiates borders the 
area mapped. Apophyses and small bosses are present in the County of Sandon. The 
main intrusion has a meridional trend and traverses the whole New England Tableland. 

Most of the descriptions given by Andrews (1907) refer to rocks of this intrusion. 
No detailed petrological work on the bathylith has been carried out by the writer, but 
it is being undertaken by Miss HE. M. Basnett. 

At Yarrowick, hornblende biotite granite outcrops, forming spectacular tors just 
east of the Uralla road junction. East of the Boorolong Creek crossing are aplites, 
porphyries and contaminated rock types. Through these run a series of quartz and 
orthoclase porphyries and porphyrites, some of which contain rock glass. The porphyry 
suite has an approximately meridional trend running from a point four miles west of 
Uralla to the Guyra—Inverell road near Wandsworth. Reconnaissance has shown them 
to continue for many miles north of this point. 

Minor intrusions of lamprophyric and aplitic rocks have been examined between 
Saumarez Creek and The Pinnacle. 

The age of the granitic mass is believed to be late Permian on account of the fact 
that it intrudes the Drake Series, and is overlain by Jurassic sediments. Much erosion 
must have occurred during Triassic times since the granite was exposed. A good section 
showing this relationship occurs at Kettle’s Lift, near Tabulam (Voisey, 1939). 


TERTIARY. 


Outliers of basalt occur throughout the area. They are the remains of flows which 
covered almost the entire County of Sandon. Only high points like Mount Duval rose 
above the basaltic sheets. 

Many hills are terraced, indicating that a number of flows were poured out. Two 
flows are in evidence between Armidale and Dangarsleigh. The topmost flow is fine 
grained and displays excellent prismatic jointing. In it are fragments of ultrabasic 
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rock, probably dunite, up to several inches across. This flow forms the top of Bald 
Knob and adjacent hills. 

The basalt may be Oligocene or early Miocene in age, since it overlies sediments 
containing Cinnamomum. 


CONCLUSION. 


More work remains to be done before the detailed structure of the area will become 
apparent. The problem is tied up with that of the limits and nature of the so-called 
Woolomin Series, and its relation to the Nambucca and Tamworth Series. This is one of 
the most important and yet one of the most difficult tasks to be undertaken in New 
England. 

The physiography of the area will be dealt with in a subsequent publication. 
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Fig. 2.—Geological sections across the map of the County of Sandon (Fig. 1). 
A. Section from Uralla to Guyra. 
B. Section from Yarrowick (just west of The Pinnacle) to Chandler 
River, near Wollomombi. 
C. Section from Hillgrove to Rockvale. 
The legend is the same as that shown on Fig. 1. 
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THE DEVELOPMENT OF PHYSIOLOGICAL RACES OF PUCCINIA GRAMINIS 
TRITICI SINGLY AND IN ASSOCIATION WITH OTHERS. 


By I. A. Watson, University of Sydney.* 
(Seventeen Text-figures. ) 


[Read 23rd September, 1942. ] 


Introduction. 

In cereal growing areas where stem rust of wheat is prevalent, it is customary to 
aim to control the disease by the use of resistant varieties. In the breeding of such rust 
resistant varieties, selections are usually made during the segregating generations under 
rust epiphytotic conditions in the field. The hybrid progenies are grown in close 
proximity to spreader rows of rust susceptible varieties which, early in the season, are 
inoculated with a collection of physiological races of Puccinia graminis Tritici E. and H. 
in the hope that most of them will develop and contribute their share of the rust 
inoculum present. Some of the races are invariably less virulent than others and little 
is known of their fate or of their usefulness in such field studies. This study was 
initiated to determine the fate of the weaker races when grown in competition with 
others on adult plants in the field and on seedlings in the greenhouse. 


Review of Literature. 

Recently, excellent reviews have been published dealing with the competition and 
association effects of fungi (D’Aeth, 1939; Porter and Carter, 1938; Waksman, 1937). 
These cover the work that has been done on association between different species of 
fungi as well as those concerned with the growth of isolates within a species. For this 
reason, it is proposed to review only those papers considered relevant to the material 
presented in this study. 

Schmitz (1925), in studying Fomes pinicola Fries, paired four cultures from four 
hosts: Douglas fir, white fir, western hemlock and western white pine. He found that 
the hyphae of isolates from one host would not intermingle with those from another. 

Cayley (1923, 1931), in her work with Diaporthe perniciosa Marchal, showed that 
single spore isolates from the same strain would mix, but if isolates of unlike strains 
were brought together, each appeared to inhibit the growth of the other. Widely different 
hosts did not necessarily yield strains that would not mix, but averting strains were 
obtained trom different perithecia located on the same plant. 

Nakata (1925) found that when isolates of different strains of Sclerotium rolfsii 
Sace. were paired, there was either mutual or one-sided aversion. It was thought that 
the antagonism was due to a substance secreted by the mycelium of the fungus indepen- 
dent of the medium. 

Vandendries (1932, 1933), Vandendries and Brodie (1933) and Brodie (1935) have 
studied the association of isolates of the same species, particularly in connection with 
the phenomenon of aversion and with sex. Similarly Kaufert (1936), working with 
Pleurotus corticatus Fries, mated haploid lines and found a complete range of reaction 
between isolates. Some were compatible when paired, others were antagonistic. 

Hoppe (1936) presented evidence of aversion between isolates of Diplodia zeae (Sch.) 
Lév. He determined the distribution of strains of this organism on the basis of their 
aversion towards each other. Twenty-five cultures were obtained from widely separated 
regions in the corn belt of the United States, and only two of these proved to be of the 
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same strain. Three of these strains, Nos. 26, 73 and 150, isolated from rotted kernels 
in different regions, were inoculated hypodermically into ears of corn. Isolations were 
made trom kernels picked at random from the diseased ears and their identity was 
established by the aversion test. A sequence of inhibiting effects occurred between 
the strains; No. 73 inhibited No. 150, while No. 26 inhibited both Nos. 73 and 150. 
Hoppe believed aversion could explain his results, but suggested that differences in 
rate of spore germination and subsequent growth may be associated with the inhibiting 
powers of some strains of Diplodia zeae. 

Christensen and Davies (1940), in studying the effects of bacterial-staled agar on 
the variability of Helminthosporium sativum P.K. and B, race 1, found that some 
variants grew taster than the parent culture and were thus most easily isolated when 
both variant and parent were growing together in the same flask. In this way, they 
demonstrated that if a stock culture of H. sativum is placed on a bacterial-staled agar, 
it may be lost, since variants more tolerant to that medium can arise and completely 
overgrow the parent culture. 

Stakman, Cassell and Loegering (1940) have reported marked population shifts in 
physiological races of Puccinia graminis Tritici, when sampling was done throughout 
the United States over a period of ten years. Race 56 constituted 0:3 per cent. of all 
isolates in 1930 and by 1939 this figure had increased to 66 per cent. Other races showed 
a decline in the same period, and it was stated that temperature and other meteorologic 
factors may influence these shifts. 

Similar changes in the rust flora have been shown by Newton (1938) for Canada and 
by Waterhouse for Australia. In the latter country Waterhouse (1938, 1939) has 
identified races of Puccinia graminis Tritici over a period of seventeen years. Race 34 
first occurred in November, 1925, and within two years it had virtually excluded the 
other six races previously present. The predominating effect of this race has been 
explained on two bases. First, it has a wider host range than the other Australian races, 
and secondly, new crops of uredospores are produced more rapidly, and in this way it is 
_ more virulent. 

These data collected on stem rust are typical of those reported by many workers 
in different countries covering long periods of time. In a single growing season, changes 
in the rust flora may occur, and when many races are used to create an epidemic in the 
field, some predominate after several weeks (Watson, 1941). 


CULTURAL METHODS IN THE GREENHOUSE. 


Cultures of Puccinia graminis Tritici were obtained from HE. C. Stakman and W. Q. 
Loegering and represented random collections of five common races with numbers 17, 
19, 34, 56 and 147. The cultures were started from single pustules and not single spores, 
so that several biotypes may have been present in each collection used in this study. 
The spores from single pustules of each race were increased on Little Club and after 
one generation, all five races were cultured on two varieties, Little Club and Soft 
Federation, for six uredospore generations at two different average temperatures of 73° 
and 80°F. Differential varieties were inoculated periodically to check the purity of each 
culture. After the first generation on Little Club uredospore mixtures of known 
concentrations were prepared by the use of the ‘Improved Neubauer Counting Chambers’ 
and by inoculating spore suspensions onto differential varieties. These mixtures were 
of races 19 and 34, 19 and 56, 34 and 56, and 19, 34 and 56. Spores from each mixture 
were inoculated onto seedling leaves of four pots of each of the two above-mentioned 
varieties. Two pots of Little Club and the same of Soft Federation were then placed 
in greenhouses at average temperatures of 73° and 80°F. In this way, there were two 
replications for each variety at each temperature. 

Atter 10-11 days, 6-10 uniformly infected plants of Little Club and Soft Federation 
were used to inoculate these same varieties, in addition to varieties that differentiated 
between the races of each particular mixture. For example, races 19 and 34 on Little Club 
were transferred to two pots of Einkorn and to one pot of Little Club, the latter thus 
serving to perpetuate the mixture. Inoculum of these same races from Soft Federation 
was used to inoculate Soft Federation and Hinkorn. 
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Stakman, Popham and Cassell (1940) already have pointed out that on one variety 
such as Marquis, the ratio between type 2 and type 4 uredosori can be used to estimate 
the percentage of races 38 and 17 in a mixture. The method suggested by them has 
been used throughout this study. On Hinkorn, race 19 causes a type 3 pustule* and 
race 34 causes only flecks and type 1 pustules. The aggregate number of each type of 
uredosorus found on a total of from 40-60 leaves, was used to estimate the percentage 
of these two races in a mixture. Exactly the same technique was used with mixtures of 
races 56 and 19, since races 56 and 34 give the same reaction on Hinkorn. When a 
mixture of races 34 and 56 was analysed, Arnautka was chosen as the differential 
variety. The latter shows sharp flecks when inoculated with race 56, while typical 
type 3 and type 4 pustules are produced when the inoculum is of race 34. 

Since race 19 can be estimated on Einkorn, and since Arnautka differentiates races 
34 and 56, it is possible to analyse a population of races 19, 34 and 56 by inoculating 
simultaneously with this mixture, seedlings of Arnautka and Hinkorn. The type 3 
pustules on Hinkorn indicate the percentage of race 19, the flecks and type 1 pustules 
the combined percentage of races 56 and 34. The flecks on Arnautka indicate race 56 
and the type 3 pustules races 19 and 34. Since the percentages of races 19 and 56 can 
be obtained directly, the percentage of race 34 is calculated by difference. 

During the course of the experiment it became possible to study the effect of 
association of races at an average temperature of 89°F. Various combinations of 
pairs of races and one of four races were grown on either Little Club or Soft Federation 
or both. One mixture involving the races 17, 19, 34, 56 and 147 was grown for five 
generations with five replications on three varieties, Little Club, Soft Federation and 
Thatcher, at this higher temperature. 


TABLE 1. 


Pathogenicity of Five Physiological Races of Puccinia graminis Tritici expressed in Means of Infection produced 
on Five Differential Varieties. 


Mean reaction of differential varieties. 


Race No. Little Club. Marquis. Arnautka. Einkorn. Vernal. 
17 4 4— 4= 3 i 
19 4 2— 4= 3 0; 

34 44 4— 4 1= 0; 
56 4 3+ 1= 1= 1= 
147 4++ 4+ 1= = 4+ 


The pathogenicity of these five races is given in Table 1, which represents mean 
reaction types taken from the published work of Stakman and Levine (1938). From 
the table, it can be seen that Marquis, Arnautka, Einkorn and Vernal will together 
serve to estimate the components of the mixture, according to the following scheme: 

Marquis: Type 2 pustules indicate race 19. Type 3 and type 4 pustules indicate 
races 17, 34, 56 and 147. 

Arnautka: Flecks indicate races 56 and 147. Type 3 and type 4 pustules indicate 
races 17, 19 and 34. 

Einkorn: Flecks indicate races 34, 56 and 147 and type 3 pustules indicate races 
17 and 19. 

Vernal: Flecks indicate races 17, 19, 34 and 56 and type 3 pustules indicate race 147. 

It is possible, either directly or indirectly, to obtain the percentage of any one race 
in this mixture by counting the total number of infections of both types on 40-60 leaves 
of each of the four varieties. 


EXPERIMENTAL RESULTS. 


(a). Races grown Singly in the Greenhouse. 
Methods that were used in this study are possible if all four races, when inoculated 
singly onto these differential varieties, cause approximately the same number of 


* Infection types are those used by E. C. Stakman and M. N. Levine, Minn. Exp. Stat. Tech- 
Bull., 8, 1922. 
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infections per leaf. If race 56 causes just twice as many flecks on Vernal as it causes 
type 3 pustules on Marquis, then race 147 must cause double the number of type 3 
pustules on Vernal as it causes type 3 pustules on Marquis. If a significant interaction 
exists between race and variety, a correction factor must be established to estimate the 
percentage. 

The extent of this differential response, if any, was studied by inoculating seedlings 
of the four differential varieties with each of the five races singly. Spores from 6-10 
uniformly infected leaves of Little Club were brushed onto seedling leaves of Marquis, 
Arnautka, Vernal, Hinkorn and Little Club and all were incubated in the same chamber. 
After 10-14 days, depending on weather conditions, the number of infections on 27 leaves 
of each variety except Little Club was counted and the aggregate for each pot deter- 
mined. Replication was obtained by inoculating these seedlings in four of the six 
generations through which each race was carried on Little Club. In this way, there 
were 108 leaves used to calculate a mean for the infection of any variety by a particular 
race. The mean for each variety and race is given in Table 2, and, from the figures 
presented, it is clear that considerable variation occurred. 


TABLE 2. 


Average Number of Infections on Seedling Leaves of Four Varieties of Wheat when inoculated with Five Races of 
Puccinia graminis Tritici. 


Variety and Number of Infections per Leaf. Mean Number 
Race No. of Infections 
Marquis. Arnautka. Einkorn. Vernal. on 27 Leaves. 
17 5°3 6-2 7-9 &97/ 166-8 
19 12-3 10-3 9-8 Isjont 307-6 
34 8:9 8-1 8-6 9-7 238:°3 
56 9-3 9-1 9-8 15-0 292-3 
147 6-9 9-5 OU 5-3 198:-1 
Mean Number of Infections on 27 Leaves. 
All Races 228-1 233-6 236-5 264-9 


S.E. of difference between two means= +38:-43. 


Contributing factors may have been variation in the amount of inoculum used in 
the replications, as well as differences in temperature and light-conditions. The 
analysis of variance given in Table 3, indicated highly significant F values for races 
and replications. Races 17 and 147 caused less infection centres on all varieties than 
did races 19 and 56, but not significantly less than race 34. The infection caused by 
race 34 was less, but not significantly less than races 19 and 56. 

So far as the technique used in this experiment is concerned, it is important that 
no Significant interaction between races and varieties was found, but the highly 
significant differences found between races is difficult to explain. It has been the 
writer’s experience that isolates of race 17 show a pronounced ability to form flecks 
on resistant varieties and type 3 or type 4 pustules on varieties susceptible to them. 
Those isolates, however, give no visible indication of infection on varieties having the 
Kanred type of resistance. It cannot be assumed that the race 17 used in this study 
would give a reaction on the four varieties tested in any way similar to that given on 
Kanred, and yet the analysis shows that both race 17 and race 147 caused significantly 
less infections on these four varieties than did races 19 and 56. 

Spore germination tests were not made on the races at the time of inoculations. All 
seedlings were inoculated within an hour of one another on the same day, and the spores 
were always approximately of the same age. Since spores of all races were still attached 
to the mycelium within the pustule, they were assumed to be equally viable. If the 
races show very great differences in spore germinations at different temperatures, as 
Cassell (1938) has found, the results could be partly explained. No data were obtained 
on the effect of temperature on the germination of uredospores of these races. It will 
be mentioned later that in studies of association, race 147 was never able to maintain 
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TABLE 3. 


Analysis of Variance of Pustules per Pot of Four Varieties of Wheat tested with Five Races of 
Puccinia graminis Tritici. 


Standard 
Variation due to D.F. Mean Square. Deviation. F. 
Replications .. 3 83,343 -216 5-6391 
Races ae ae a a 4 57,596-518 3°8971 
Varieties ae ae BG Sts 3 5,416-183 0-367 
Races x varieties A = 12 9,601 -111 0-650 
Error .. ae ae ne S6 57 14,779 445 121-5707 
Total ae we Bes 79 


1 Exceeds the 1 per cent. level of significance. 


itself against other races and was virtually lost after several generations of culture on 
Little Club. If race 147 forms less infection centres on all varieties, including Little 
Club, its inability to compete against others could be easily explained, but this will be 
discussed later. 

In the determination of the percentage of the various components present in a 
mixture, no adjustment was made for the result given by races 17 and 147, and the 
aggregate numbers of infections on all leaves in the pot were taken to estimate the 
percentage composition. 


(0). Races grown in Association in the Greenhouse. 

Races 17, 19, 34, 56 and 147 occur commonly in the United States, but nothing was 
known of their ability to compete with each other in mixtures. Some of the races were 
studied more extensively than others and an effort was made to vary the percentage 
composition of the original mixture. In this way the development of a race, with and 
without an initial advantage, was studied. 

(i). Races 19 and 56—A uredospore mixture of 66 per cent. of race 19 and 34 per 
cent. of race 56 was prepared by the methods previously outlined. The percentage of 
each race in the mixture, after culturing on two varieties, is given in Table 4 and 
‘Figures 1 and 2. After four generations on Little Club each race occurred in 


TABLE 4. 


Effect of Variety on the Percentage Composition of a Miature of Races 19 and 56 of 
Puccinia graminis Tritici. 


Percentage Composition of the Mixture. 


Variety. Generation 73° BF. 80° F. 
Analysed. 


Race 19. Race 56. Race 19. Race 56. 


Original. 66 34 66 34 

Little Club. 3 74 26 68 32 
4 71 29 69 31 

Original. 66 34 66 34 

Soft 1 80 20 46 54 
Federation. 2 21 79 44 56 
3 11 89 12 88 

4 3 97 3 97 


approximately the same percentage as it did in the original mixture at both tempera- 
tures. During these generations there was some fluctuation in the percentage. The 
mixture was not analysed after one and two generations on Little Club, but after three 
generations at 73°F., race 19 increased from 66 to 74 per cent. but declined to 71 per 
cent. after four generations. At 80°F. there was an increase after three generations to 
68 per cent. and an increase after four generations to 69 per cent. It is probable that 
these temperatures were too similar to have any differential effect on the races. 
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Fig. 1.—Change in per cent. of races 19 and 56 after culturing for four generations on 


Soft Federation at 73°F. 
Fig. 2:—Effect of Little Club on a mixture of races 19 and 56 after culturing for four 


generations at 73°F. 


When this mixture was grown on Soft Federation the situation was entirely different, 
as shown in Figure 1 and Table 4. At temperatures of 73° to 80°F. Soft Federation 
shows some chlorosis when inoculated with race 19. The same mixture cf 66 per cent. 
of race 19 and 34 per cent. of race 56 was inoculated on to leaves of Soft Federation 
and at both temperatures race 56 almost completely overgrew race 19. The increase 
after one generation on this variety, as shown in Figure 1, cannot be explained, but the 
decrease for the second and subsequent generations was consistent at both temperatures. 
The change in population shown on Soft Federation is probably comparable to the type of 
interaction that occurs under field conditions when Hard Federation is used for the 
border rows. Soft and Hard Federation gave the same reaction when tested to this 
collection of race 19. 

A second experiment was carried out in which race 56 was given the initial 
advantage as shown in Table 5 and Figure 3. Only one temperature (89°F.) was avail- 
able and the mixture was cultured on Little Club. No analyses were made during the 
second, third and fourth generations. 


TABLE 5. 


Changes in Composition of a Mixture of Races 19 and 56 of Puccinia graminis 
Tritici grown on Little Club at 89° F. 


Percentage Composition of the Mixture. 


Generation 
Analysed. ° Race 19. Race 56. 
Original 36 64 
1 5 0B} 57 
5 23 77 


It will be noticed that at this temperature and with race 56 constituting 64 per cent. 
of the original mixture, there was some change in the population. These figures, in 
conjunction with those of Table 4, are considered to indicate how the constitution of the 
original mixture may influence the population after several generations of culturing on 
a susceptible variety. On the basis of these tests race 19 did not compete so well on 
Little Club at either 73° or 80°F. as did race 56 when the latter had a similar advantage 
and the mixture was grown at 89°F. When race 19 had the advantage, as in the first 
experiment, race 56 could maintain itself over a period of four generations, and so race 
19 did not increase. From these results, it is unknown how race 19 would have developed 
at 89°F. with an original advantage of 28 per cent. It cannot be said, therefore, that 
race 56 is better suited to high temperatures, although it seems true that the temperature 
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Fig. 3.—Effect of giving race 56 an initial advantage and culturing the mixture on 
Little Club at 89°F. for five generations. 


and the amount of inoculum of each race present in the original mixture have some 
effect on the composition in subsequent generations. 

(ii). Races 19 and 34.—The results obtained when races 19 and 34 were grown in 
association were somewhat different from those obtained with races 19 and 56. Tables 
6 and 7 and Figures 4 and 5 summarize the data. 


TABLE 6. 


Effect of Variety on the Percentage Composition of a Miature of Races 19 and 34 of Puccinia 
graminis Tritici. 


Percentage Composition of the Mixture. 


Generation 
Variety. Analysed. 73° F. 80° F. 
Race 19. Race 34. Race 19. Race 34. 
Original. 44 56 44 56 
Little Club. 2 44 56 46 54 
3 40 60 23 77 
4 19 81 30 70 
Original. 44 56 44 56 
Soft 1 33 67 16 84 
Federation. 2 19 81 17 83 
3 9 O91 2 98 
4 2 98 0 100 
TABLE 7. 


Changes in Composition of a Mixture of Races 19 and 34 of Puccinia graminis 
Tritici grown on Little Club at 89° F, 


Percentage Composition of the Mixture. 


Generation 
Analysed. Race 19. Race 34. 
Original. 51 49 
1 31 69 
5 19 81 


At both temperatures with an initial advantage of 12 per cent., race 34 tended to 
overgrow race 19 when the mixture was cultured on Little Club, but for some reason the 
result at 80°F. was less marked than at 73°F. On Soft Federation at both temperatures, 
the shifts were definite and similar to those already described when races 19 and 56 
were cultured on this variety. At 80°F. the mixture was entirely of race 34 after four 
generations. When a mixture of 51 per cent. of race 19 and 49 per cent. of race 34 was 
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Fig. 4.—Change in population when races 19 and 34 were cultured on Soft Federation for 
four generations at 80°F. 


Fig. 5.—Change in population after growing races 19 and 34 on Little Club for four 
generations at 73°F. 


cultured for five generations on Little Club at 89°F., as shown in Table 7 and Figure 6, 
there was a very marked change in population, and race 19 declined to 19 per cent. over 
this period. Race 34 competed very effectively with race 19 under the conditions of the 
experiment and dominated the population, whether it had a substantial advantage at 
the outset, or whether both were started in about equal amounts. 
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Fig. 6.—Change in population after growing races 19 and 34 on Little Club for five 
generations at 89°F. 


Fig. 7.—Result of growing races 34 and 56 on Little Club for four generations at 73°F. 


(iii). Races 34 and 56.—These two races are virulent on both Little Club and Soft 
Federation and the changes in populations are given in Tables 8 and 9 and Figures 7, 
8 and 9. 

At temperatures of 73° and 80°F. the results are not very definite. A mixture of 
85 per cent. race 34, grown for four generations at 73° and 80°F. on Little Club, changed 
to 95 and 96 per cent. respectively. On Soft Federation, however, race 56 increased 
slightly to constitute 19 per cent. of the mixture at the end of this period. There was 
considerable fluctuation when these races were grown at the temperatures mentioned, 
irrespective of whether they were cultured on Little Club or Soft Federation. 

When races 34 and 56 were mixed in approximately equal amounts, as indicated in 
Table 9, and grown at 89°F., race 34 overgrew race 56 on both Soft Federation and 
Little Club and the latter race decreased from 45 per cent. to approximately 20 per cent. 
over a period of five generations. The results with this mixture were somewhat the 
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same as those obtained on Little Club at the two lower temperatures given in Table 8, 


but were much more definite. 


This demonstrated the ability of one race to compete 


against another when both are growing on host tissue that at ordinary temperatures 
appears to be equally congenial to them. 


PERCENTAGE OF EACH RACE IN THE MIXTURE 


TABLE 8. 


Effect of Variety on the Percentage Composition of a Mixture of Races 34 and 56 of Puccinia 
graminis Tritici. 


Percentage Composition of the Mixture. 


Generation 
Variety. Analysed. (eye 1M 80° F. 
Race 34. Race 56. Race 34. Race 56. 
Original. 85 15 85 15 
1 80 20 84 16 
Little Club. 2 76 24 75 25 
3 89 11 84 16 
4 95 5- 96 4 
Original. 85 15 85 15 
1 86 14 91 9 
Soft 2 82 18 89 11 
Federation. 3 75 25 78 22 
4 84 16 81 19 
TABLE 9. 


Effect of Variety on the Percentage Composition of a Miature of Races 34 and 56 of 
Puccinia graminis Tritici grown at 89° F. 


Percentage Composition of 


Generation the Mixture. 
Variety. Analysed. 
Race 34. Race 56. 
Original. 55 45 
Little Club. 1 62 38 
5 80 20 
Original. 55 45 
Soft Federation. 1 61 39 
5 79 21 
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Fig. 9. 


Fig. 8.—Result of growing races 34 and 56 on Soft Federation for four generations at 80°F. 


Fig. 9.—Change in population after growing races 34 and 56 for five generations on Little 
Club at 89°F. 
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The probable reasons why competition occurs between these races will be discussed 
more fully later, but one fact should be mentioned here. At a temperature of 
approximately 73°F., it has been observed that all races, if grown singly on Little Club, 
show flecks at approximately the same time—6 to 64 days—after inoculation, if the light 
intensity is high. On Little Club the epidermis was repeatedly broken earlier by 
uredosori of race 34 than it was by those of other races. No difference could be observed 
on Soft Federation for races 17, 19, 34, 56 and 147, and on Little Club there was no 
apparent difference between the development of races 17, 19, 56 and 147. At the higher 
temperatures, the more rapid development of race 34 was accentuated. 

(iv). Races 19, 34 and 56—This mixture was grown at 73°F. for four generations 
and on Little Club the results are not very conclusive, as shown in Table 10 and Figure 10- 


TABLE 10. 


Effect of Variety on the Percentage Composition of a Mixture of Races 19, 34 and 56 
of Puccinia graminis Tritici grown at 73° F. 


. Percentage Composition of the Mixture. 
Variety. Generation 


Analysed. Race 19. Race 34. Race 56. 
Little Club. Original. 65 23 12 
4 54 40 6 
Soft Original. 65 23 12 
Federation. 4 14 62 24 


Race 19 declined from 65 to 54 per cent. and race 34 increased from 23 to 40 per 
cent. On Soft Federation, as shown in Figure 11, the change was more marked. At 
73°F., since this variety has a screening effect on race 19, the population would be 
expected to change. Race 19 dropped from 65 to 14 per cent. after four generations of 
culturing and races 34 and 56 both increased. The decrease in per cent. of race 56 on 
Little Club and the increase on Soft Federation is of some interest. It does not neces- 
sarily indicate that race 56 grows better on Soft Federation than on Little Club, although 
there was some evidence for this when races 34 and 56 were paired on these two varieties. 
Since no difference in rate of development was observed when these two races were 
grown singly on Soft Federation, it does appear that this may be a better variety on 
which to compare them. 

(v). Races 17, 19, 34 and 56.—Race 56 was found to be relatively weak in its 
development when associated with race 34, but it was not known how other races may 
disturb the interaction. A mixture of uredospores was prepared in which race 34 was 
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Fig. 10.—Increase in race 34 after growing a mixture of races 19, 34 and 56 on Little 
Club for four generations at 73°F. 

Fig. 11.—Decrease in race 19 after growing a mixture of races 17, 19 and 56 on Soft 
Federation for four generations at 73°F. 
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given an advantage, races 19 and 56 were made approximately equal in amount and 
race 17 was used to make up 7 per cent., as shown in Table 11. 

This mixture was grown at 89°F., and no matter whether it was cultured on Little 
Club or on Soft Federation, there was a change after five generations in the percentage 
of each race in the mixture. Race 34 predominated at the end of five generations, races 
19 and 56 had both decreased and race 17 maintained itself with a slight increase in 
both cases. The decrease shown by race 19 on Soft Federation was more marked than 
it was on Little Club. The amount of chlorosis on the former when inoculated with 
race 19 at 89°F. is considerably less than when inoculated with this same race at 
73° and 80°F. In addition the pustules are larger at the high temperature. For this 
reason, race 19 persisted longer in the mixture than it would have done at the lower 
temperatures. 


TABLE 11. 


Effect of Variety on the Percentage Composition of a Mixture of Races 17, 19, 34 and 56 of 
Puccinia graminis Tritici grown at 89° F. 


Percentage Composition of Mixture. 


Variety. Generation 
Analysed. Race 17. Race 19. Race 34. Race 56. 


Original. a 28 42 23 

Little Club. 2 19 14 51 16 
5 13 15 64 8 

Original. 7 28 42 23 

Soft 1 5 18 65 12 
Federation. 5 12 6 76 6 


(vi). Races 17, 19, 34, 56 and i147.—Mixtures in which these five races were 
associated were grown on three varieties, Soft Federation, Little Club and Thatcher, at 
89°F. The original composition was determined by inoculation on to differential varieties 
according to the technique already described. Five replications were used in all cases. 
One mixture of 48 per cent. of race 17, 8 per cent. of race 19, 9 per cent. of race 34, 
9 per cent. of race 56 and 26 per cent. of race 147 was grown for five generations on 
Little Club and Soft Federation and the results are given in Table 12 and Figure 12. 


TABLE 12. 


Effect of Variety on the Percentage Composition of a Miature of Races 17, 19, 34, 56 and 147 of Puccinia 
graminis Tritici grown at 89° F. 


Percentage Composition of the Mixture. 


Generation 
Variety. Analysed. Race Number. 
17 19 34 56 147 
Little Club. Original. 48 8 9 9 26 
5 20 42 31 6 1 
Soft Original. 48 8 9 9 26 
Federation. 5 40 17 36 1 6 


On Little Club race 17 declined to 20 per cent. after five generations, while race 19 
and race 34 increased to 42 and 31 per cent. respectively. Race 56, although it was 
started in approximately the same amount as race 34 and 19, did not increase in this 
mixture. Race 147 was virtually eliminated at the end of five generations, even though 
it constituted 26 per cent. of the mixture. On Soft Federation, race 17 remained fairly 
constant, the figures indicating only a slight decline; race 19 increased to only 17 per 
cent. aS compared with 42 per cent. on Little Club. This is as expected, since Soft 
Federation is a less congenial host for race 19 than is Little Club. Races 56 and 147 
both declined in percentage. Although the results obtained in this study were consistent 
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in all replications, it is difficult to explain why race 19 predominated in the mixture 
grown on Little Club. Further work is necessary to demonstrate whether a race reacts 
in the same way towards a second race, regardless of the presence of a third race in the 
mixture. 

The screening effect of a variety was found to be most marked when seedlings of 
Thatcher were used to culture a mixture of five races over a period of four generations 
as shown in Table 13 and Figure 13. 


TABLE 13. 


{ 
Change in the Percentage Composition of a Mixture of Races 17, 19, 34, 56 and 147 of Puccinia 
graminis Tritici after growing on Thatcher at 89° F. 


Percentage Composition of the Mixture. 


Generation 
Analysed. Race Number. 
17 19 34 56 147 
Original. 5M, ii 10 12 14 
1 0 0 90 1 9 
4 0 0 100 0 0 


On this variety, however, nothing unexpected occurred. After one generation, races 
17 and 19 were eliminated. Kanred, one of the parents of Thatcher, is immune to these 
two races and the latter reacts somewhat similarly to Kanred when tested with a number 
of races, including 17 and 19, so that exclusion after one generation would be expected, 
since neither race can maintain itself singly on this variety. Race 34 increased from 
10 per cent. to 90 per cent. after one generation and races 56 and 147 both decreased. At 
the temperature of the experiment, race 34 gave an X+ reaction on Thatcher and races 
56 and 147 each produced an X. On the basis of virulence alone the rapid increase of 
race 34 can be readily explained. 
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oo 1 males AR AGE 147; 
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Rig. 12. Fig. 13. 
Fig. 12.—Change in population after culturing races 17, 19, 34, 56 and 147 for five genera- 
tions on Little Club at 89°F. 
Fig. 13.—Change in population of a mixture of races 17, 19, 34, 56 and 147 after growing 
for four generations on Thatcher at 89°F. 


It has been mentioned previously that pustules of race 34 were observed to break 
through the epidermis of seedling leaves of Little Club earlier than those of the other 
four races. In the field, this is a most important factor to consider when determining 
the prevalence of races. 

An experiment was set up to determine the effect of transferring inoculum to fresh 
seedlings after 8 days instead of after 10-11 days, as had been done in the previous 
experiments. In Table 14 and in Figures 14 and 15 the results of culturing in this way 
are given. 
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TABLE 14, 


Effect of Variety and Frequent Transferring on the Percentage Composition of a Mizture of Pive Races 
of Puccinia graminis Tritici grown at 89° F. 


Percentage Composition of the Mixture. 


Generations 
Variety. Analysed. Race Number. 
ie 19 34 56 147 
Little Club. Original. 18 44 7 4 27 
5 14 29 48 6 3 
Soft Original. 18 44 7 4 27 
Federation. 5 3 66 27 3 1 
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Fig. 14. Fig. 15. 


Fig. 14.—Effect of the variety Little Club and frequent transferring on the composition of 
a mixture of five races grown at 89°F. 

Fig. 15.—Effect of the variety Soft Federation and frequent, transferring on the composition 
of a mixture of five races grown at 89°F. 


In contrast to the earlier experiments, race 17 decreased but slightly on Little Club, 
but constituted only 3 per cent. of the mixture when the latter was grown on Soft 
Federation for five generations. Race 19 behaved rather unexpectedly. At a temperature 
of 89°F. this race increased in per cent. on Soft Federation, but decreased on Little Club. 
There seems to be a possible explanation for this result. It has been stated earlier that 
temperatures of 89°F. increase the size of the pustules and decrease the amount of 
chlorosis formed, when race 19 is inoculated on to seedlings of Soft Federation. Since 
race 34 was not observed to develop more rapidly on Federation than other races, it 
would be possible for race 19 to retain its initial advantage. On Little Club, however, 
race 34 developed more rapidly than race 19 at temperatures of 73° and 80°F. and the 
difference was accentuated at 89°F. Race 34 under these conditions would be able to 
overcome, partly at least, the initial advantage held by race 19. Race 17 showed no 
tendency to dominate the mixture and race 147 decreased in per cent. until it was 
almost eliminated. 


(c). Races Associated in the Field. 


In the years 1939 and 1940 stem rust epidemics were induced in the field by the 
usual methods. Border rows of Marquis and Hard Federation were sown in 1939, and 
in 1940, these rows were of Hard and Soft Federation. Thirty-two races were used in 
the first year and 30 in the second, and their numbers are given in Figures 16 and 17. 

The races were grown on seedlings of Little Club in the greenhouse and a suspension 
of uredospores was hypodermically inoculated into the young stems of the border row 
plants. From then on the methods used were somewhat different for the two years. 
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In 1939, single pustules were taken from the field at random from borders and hybrid 
rows over a period from 8th July to 26th July. In some cases the uredosori had just 
broken the epidermis; in others they were up to 0:25 em. in length. No special effort 
was made to isolate at different times during the season. A total of 103 single pustule 
collections was made and the races identified in the greenhouse during 1939. In the 
1940 season, pustules were collected at three different periods. ‘The first collection was 
made between 18th June and 27th June, the second from 13th July to 15th July, and the 
third from 30th July to 3rd August. Usually between 40 and 50 samples were taken at 
each time, and in all 136 collections were identified in 1940. Among the 43 samples 
taken during the final period, 22 were of mass uredosori from the stems. When these 
were inoculated on to Little Club in the greenhouse, seedling leaves were so badly injured 
by Helminthosporium sp. that only one, two, or at the most three pustules developed 
on seedlings in each pot. Identifications of races in these collections would probably 
have necessitated many separations had this injury not occurred. As it happened, no 
more than three races were isolated from any one collection of this group. 
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Fig. 16.—Races used in the nursery and the frequency of their recovery in per cent. in 1939. 
Fig. 17.—Races used in the nursery and the frequency of their recovery in per cent. in 1940. 


In both years, after inoculation of the single pustule material on to Little Club, a 
cellophane protecting screen was placed around each pot during the incubation period. 
When uredosori had developed sufficiently, inoculum was transferred to a set of 
differential varieties and the race of rust determined by use of the key prepared by 
Stakman and Levine (1938). When more than one race occurred, separations were 
made in the usual way. 

The relative prevalence ot each of the re-isolated races is given in Table 15 and in 
Figures 16 and 17. Race 139 was recovered from the field in 1939, but it was not used 
in the hypodermic inoculations. It could have been blown in from adjacent fields as 
uredospores, or as aecidial material from barberries. Sixteen races of the 32 used in 
1939 were recovered, and of the 30 used in 1940, 11 were re-isolated. A strong criticism 
is that too few isolations were made to get a really random sample of the rust flora in 
the nursery. Despite this criticism it is significant that, in general, the same races 


TABLE 15. 
Relative Prevalence of Races of Puccinia graminis Tritici in a Rust Nursery in 1959 and 1940. 


Race Number and Prevalence in Per Cent. 


Year. 
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occurred in both years, and this seems to be good evidence that when a large number 
of races are used to induce an epidemic, few of them really develop to epidemic propor- 
tions. Probably a better method of sampling a stem rust nursery would be to take mass 
collections and separate out the races in each collection. Identification of races in this 
study was greatly simplified since most of the samples contained only one race. 

In general, single pustules yield single races, but whether they yield one or more 
races depends on the size of the pustule and the time of season when the sample is 
taken. In 1939, 75:7 per cent. of the isolates were of single races, while in 1940, omitting 
the 22 mass uredosori collections, 81:3 per cent. produced a single race. During this 
latter year, when the sampling periods were spaced at approximately two weekly 
intervals, the number of races isolated per pustule varied with the period. At the first 
period, 94:0 per cent. of the pustules yielded single races; at the second period, 79-6 per 
cent. were single races; but in the third period, single races were recovered from only 
59-0 per cent. of the single pustules. When more than one race was present there were 
usually only two, although in 1939 one collection yielded three races. 

The races recovered in 1939 were more uniformly distributed than in 1940, as indicated 
in Figures 16 and 17. It appeared that during the first season rust developed slowly, 
and for that reason the plot was irrigated to favour its development. No such treatment 
was necessary in 1940. During this latter year infections were present on the border 
rows before the uredosori from the primary hypodermic inoculations had broken the 
epidermis. Hypodermic inoculations in 1940 were made first on 17th June and on 
18th June nine pustules were collected. These represented infections from spores blown 
from outside, and races 11, 17, 36, 49, 56 and 147 were isolated. Races 17 and 36 were 
mixed in one pustule and races 11 and 147 in another. 

It will be seen from Figure 17 that races 17, 49 and 56 were the most common when 
136 collections were grouped in 1940. It is possible that the initial advantage these 
races had in being present in the border rows early, may have influenced their abundance 
in later generations. The time of the season was found to have some effect on the 
prevalence of races, since race 15 was isolated twice in 94 collections made prior to 
30th July, whereas it occurred eight times in 43 collections made from 30th July to 
3rd August. This may have been a temperature effect, but no data were obtained on 
its temperature relationships. 


DISCUSSION. 

Races of Puccinia graminis Tritici are now known to react very differently to 
temperature as well as to variety. There is no reason to believe that stem rust races 
are unlike physiological races of other fungi, which, in culture, react differently to pH, 
to staling substances, or to the presence of other micro-organisms. The work of Cassell 
(1938) has demonstrated very clearly that certain races of stem rust are aggressive at 
high temperatures, others thrive on their hosts at low temperatures, while still others 
seem to be adapted to a wide range of temperature conditions. Since there is no evidence 
to indicate that P. graminis Tritici is less variable than other fungi, it cannot be 
expected that the temperature relations of race 56 will be constant for all isolates that 
happen to give the race 56 type of infections on the differential varieties. 

In the results that have been reported here, race 34 was particularly virulent on 
the hosts on which it was cultured. A number of other races, including races 17, 56 and 
147, could develop well on the variety Soft Federation and these, in addition to race 19, 
caused a susceptible reaction on Little Club. When these races were mixed, however, 
a type of competition occurred which is difficult to explain. If any one of these races 
was cultured singly on 6-10 leaves of either of the two above-mentioned hosts, it could 
maintain itself over a number of generations and was stable in its reactions. The 
amount of infection did not diminish, irrespective of whether the temperature was 
73°, 80° or 89°F. However, certain races always decreased in percentage when they 
were associated with certain other races in mixtures. 

It might be expected, on the basis of the findings of Cassell, and in view of previous 
work by Stakman and his associates (1940), that race 56 could compete very effectively 
with other races when they were associated in culture at high temperatures. Such was 
not found to be the case. If races 56 and 34 were associated, or if they were in associa- 
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tion with other races and the mixed culture was grown on Little Club, race 56 did not 
predominate over race 34 after several generations. It is possible that if race 56 had 
been given a big initial advantage it might have been able to overgrow race 34, but no 
data were obtained to Support this assumption. 

The amount of inoculum in the original mixture was important for some races. 
In most cases, race 34 overgrew other races rapidly when it was given an advantage 
in the original mixture. This was not true for race 17. When a mixture of 48 per 
cent. of race 17 and 52 per cent. of other races was cultured on Little Club, there was a 
decline from 48 to 20 per cent. after five generations. 

It was not possible to predict the final composition of a mixture by comparing the 
reaction of the host when inoculated with the components singly. When race 19 was 
mixed with races 34 or 56 and the culture was grown on Soft Federation at temperatures 
of 80°F. or lower, race 19 was virtually eliminated after several generations. At higher 
temperatures, averaging 89°F., the result was different, not because race 19 grew better 
at high temperatures, but because the variety reacted differently at high temperatures 
to race 19. If race 19 was associated with race 34, or with race 56 on Little Club at 
89°F., it was partially eliminated by both of these races. 

The final composition of any one mixture after a number of generations of culturing 
is dependent on certain factors. First, it depends on the amount and character of each 
race present in the mixture. Secondly, it depends on the variety, and thirdly, the 
temperature insofar as it affects the fungus and the way the variety reacts to the fungus. 

Some races develop well in mixtures and others do not. Race 147 belongs in the 
latter group. In no case was race 147 able to maintain itself after several cultural 
generations, despite the fact that in some of those mixtures it originally constituted 
up to 26 per cent. No definite evidence was obtained to account for this elimination. 
In the experiments made to determine the extent of interaction between the variety and 
the race, it was found that race 147 formed significantly less infection centres than race 
56 on Marquis, Arnautka, Vernal and Hinkorn. If this could be extended to include 
Little Club and Soft Federation, it would provide a very suitable explanation for the 
consistent diminution of race 147 when grown with others. Although race 147 and 
race 34 give identical reactions on Little Club, there is apparently a difference in their 
virulence, which is imperceptible to the naked eye, but which becomes important when 
the races are associated. 

Race 34 was able to develop well in association and its ability to mature fresh 
crops of uredospores rapidly has already been mentioned. Other minute differences 
between races could be detected by suitable methods. Type 3 and type 3+ uredosori are 
of little use in designating infection ratings, but many hundreds or thousands of spores 
may be involved in such differences. No counts were made of spore production per 
pustule, or of percentage germination at maturity, but if these varied from race to race, 
competition would become evident. 

Waksman (1937) has already discussed the chief factors that effect the development 
of any one group of micro-organisms; food supply and environmental factors have been 
mentioned here. To date no evidence has been obtained to indicate that one isolate of 
rust can inhibit or stimulate the growth of another, although the possibility of this 
should not be overlooked. It may so happen that some races can stimulate the growth 
of others by splitting complex compounds, thus making more nutrients available, as 
Johnston (1934) has suggested for powdery mildew and leaf rust of wheat. On the 
other hand there may be a genuine antibiosis, or one race may change the permeability 
of the cell membrane so that the relations between the host and other races in the 
mixture are disturbed. Probably many factors operate in this competitive effect, none 
of which can be stated with definiteness. 

In the field experiments at St. Paul, it was found that less than half of the races 
used in the primary inoculation finally reached epiphytotic proportions when the border 
rows were of Marquis, Hard Federation and Soft Federation. Some races, either by 
virtue of their aggressiveness, or as a result of being blown in large quantities from 
adjacent rusted fields, predominated in the nursery. 
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Many factors are involved in this shift in population of races in the field, and the 
variety used as border rows contributes largely. If a uniformly susceptible variety was 
available a more even development of races could be expected. At present, no variety of 
wheat is known, which is equally susceptible to all races. Environment, too, would 
exert a very big influence, since rust races and varieties are known to give marked 
responses to temperature. 

The nature of the individual race will also be important in these changes. Some 
races pass rapidly from the uredospore to the teleutospore stage and since the latter 
is non-repeating, these would have little chance of survival when grown in association 
with races that mature fresh crops of uredospores in quick succession and which have 
delayed teleutospore production. Differences in response to other organisms could also 
influence the survival of races. In 1939 and 1940, the bacterium pathogenic on the 
uredospores of rusts was present in the nursery, and although no field evidence was 
obtained of differential susceptibility of races to this organism, greenhouse results 
indicated that it probably does occur, and if so could influence the prevalence of races 
in the field. 

From the findings outlined above, a practical question is raised as to whether large 
numbers of races should be used to induce stem rust epidemics in the field, or whether 
a few well-selected, virulent races would give better results. If physiological races are 
of no importance, the most convenient and effective method of obtaining an epidemic 
would be by the inoculation of border rows with uredospores of a virulent race adapted 
to a wide range of environmental conditions. In this way antagonistic relations between 
races, if any, would be overcome. If more were known of key races, resistance to which 
would automatically give resistance to other races, then single race epidemics would 
have much to recommend them. 

It has been shown by Holton and Heald (1936) that varieties of wheat may give 
a reaction to single races of Tilletia sp. different from that given by these same varieties 
when tested to a composite of races. Tsiang (1940), working with P. graminis Tritici, 
found that Rival, Pilot and N-S-N-11-31-4 appeared less severely infected in a field where 
many races were used, than they did when exposed to epidemics of single races in 
isolated plots. He suggested that differential rates of spread of races in association may 
have been responsible for this effect. Isolation plots for testing selected resistant lines 
with purified races of P. graminis Tritici have not been used to any extent, but, in 
breeding for smut resistance in wheat, however, promising material is usually tested 
with single races (Christensen and Rodenhiser, 1940). Under certain circumstances, © 
such a procedure for wheat stem rust may be advantageous. At St. Paul in 1939, the 
varieties Kenya 744 and 745 were resistant to rust (Watson, 1941). Race 15 of 
P. graminis Tritici was not isolated from the nursery in which they were grown. 
In the 1940 tests, Kenya 745 had up to 35 per cent. of stem rust and in three uredospore 
collections from a Kenya 745 derivative, race 15 was isolated. Such a change in 
reaction is difficult to explain. It is probably the result of a beneficial interaction 
between a virulent race and favourable environmental conditions. 

Since the determination of the reaction of hybrids to many single races in isolated 
plots is difficult and impracticable under field conditions, selections can be made during 
epidemics caused by relatively few races, provided these races are the most virulent 
available, and provided they can be regarded as key races. If resistance to such key 
races is incorporated into new material, the latter will also possess resistance to other 
races. The classification of P. graminis Tritici so that key races are known, involves 
considerable work, but in Australia new lines of wheat have been developed which are 
known to have resistance to a large number of races of leaf and stem rust, but which 
were bred for resistance to only one race of each. 


SUMMARY. 

Four varieties of wheat, Marquis, Arnautka, Vernal and Hinkorn were inoculated 
singly with races 17, 19, 34, 56 and 147 of Puccinia graminis Tritici and there were no 
significant interactions between variety and races, although races 17 and 147 caused 
significantly less infection centres than races 19 or 56. A technique was developed for 
the study of a competitive effect when several races of rust were associated in culture. 
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Race 34 always grew well and maintained itself, or increased, in percentage of the 
mixture when associated with one, two, three or four other races. Race 147 was always 
virtually eliminated from such mixtures after several uredospore generations. 
Temperature was found to influence the variety on which a mixture was grown and in 
this way to affect the final composition of the mixture. The variety Thatcher, when 
inoculated with a mixture of races 17, 19, 34, 56 and 147, effectively screened out four 
of the five races after four generations, so that there remained a pure culture of race 34. 
A large number of races were inoculated into susceptible border rows of a field rust 
nursery. in 1939 and 1940, but less than half were found to reach epiphytotie proportions. 
Race 15 was not isolated in 1939, but was found in 1940 on F3 lines pure breeding for 
the Kenya 745 type of resistance. 
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THE ASSOCIATION OF RHIZOCTONIA BATATICOLA WITH RETTING FLAX IN 
SOUTH AUSTRALIA. 


By D. B. ApAmM and JOAN Strokes, Waite Agricultural Research Institute. 
(Communicated by Dr. H. L. Jensen.) 


[Read 21st October, 1942.] 


“Dew retting” is essentially a biological process wherein pectic substances which 
help to bind the fibre bundles together are decomposed by the action of fungi. 

Jensen (1941) has recently dealt with the micro-organisms found on Victorian flax 
during retting, and he concludes that the fungi Cladosporium herbarum, Dematium 
pullulans and Alternaria spp. are the most active organisms under natural conditions 
ot “dew retting”. Jensen also carried out experiments which showed that the relative 
predominance of any species among the various ‘“retting fungi’ was influenced greatly 
by temperatures during the course of retting, and that this effect was reflected both in 
the time taken to complete retting and in the quality of the product. Control of 
temperature seems, then, to offer an opportunity to improve the efficiency of ‘dew 
retting”’. 

Experiments with this object in mind were started, and it was during their progress 
that the fungus discussed in this paper was first observed. The flax straw used in most 
of the work was grown at the Waite Institute, though the same fungus has been observed 
on flax straw from other South Australian localities. After a wetting secured by 
immersion in water for periods of from 2-8 hours, bundles of flax about 12 lb. in weight 
were kept in cabinets maintained at a constant temperature. In flax kept at 90°F. or 
80°F. we observed that after a period of from 65-137 hours some of the straws, 
particularly at their lower ends, acquired a pale greyish appearance and were densely 
covered with the minute sclerotia of a fungus. The fibre bundles in affected parts were, 
or within a day or two became, almost completely disintegrated. Commercially speaking, 
such straws were badly “over-retted” and so weak as to be useless for spinning purposes. 
The proportion of straw affected varied from sample to sample; it was greatest in flax 
held at 90°F.; at 80°F. it was only slightly less evident. The same fungus has also been 
observed in flax held at 60°F. and at 100°F. and in straw spread in the field during the 
winter months, as is normally done for ‘‘dew retting” locally. However, at a temperature 
of 60°F. the fungus constituted a small proportion, and at 100°F., or under ordinary 
field conditions, a very small proportion, of the fungal flora present on the retting flax. 
It does not appear likely that the activity of this sclerotial fungus will contribute much 
to loss in quality of the fibre product under ordinary “dew retting” conditions. 


ISOLATION, ARTIFICIAL CULTURE AND SOME PHYSIOLOGICAL CHARACTERISTICS OF THE FUNGUS. 


The fungus is easily isolated from infected straw on a variety of media. We used 
Starkey’s modification of Waksman’s acid agar (Starkey, 1929), in which the essential 
nutrients are glucose, 10 grams, and peptone, 5 grams per litre. Growth of the fungus 
exhibits the same general characteristics on a wide variety of media. The mycelium is 
white and grows rapidly at favourable temperatures. At 30°C. a 9 cm. Petri plate is 
covered in 2-3 days. Within a short time the fungus produces numerous roughly round 
sclerotia. On Dox’s agar their mean diameter varied from 63-1654 with a mean of 97u. 
On potato dextrose agar they varied from 50u-18lu, mean 113u. Other aspects of those 
sclerotia whose production and appearance on a variety of media is very characteristic, 
are dealt with later. 
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We have tried to induce sporulation by growing the fungus on a variety of artificial 
media, including media with and without yeast extract, on sterile flax stems and other 
plant materials and on soil extract agar, but neither in the case of any artificial medium 
nor on naturally-infected flax carrying a mixed flora, have we observed any spore forms 
that could be associated with the fungus. 


Some Aspects of the Physiology of the Fungus. 
(a) Growth in Relation to Temperature. 


The abundance of the sclerotial fungus in flax maintained in a cabinet at 90°F. 
indicated a definite temperature preference and suggested a need for detailed information 
on the temperature relations of the fungus. The method of investigation consisted of 
growing the fungus in pure culture on potato dextrose agar (P.D.A.) plates, exposing 
them to various temperatures and measuring the increase in colony diameter from time 
to time. It was necessary to standardize certain details in this procedure. We found, 
for instance, that the rate of growth on P.D.A. plates at low temperatures tended to 
increase slightly after some time, whereas at optimal and higher temperatures the 
reverse was true. A concomitant of this was the apparent effect of the size of a colony 
when experimental conditions were first imposed, on the rate of growth over the following 
24 hours. These effects, however, are of minor importance in the wider picture of 
temperature effects and, while taken into account in securing results, need not be 
discussed further. Table 1 summarizes the effect of temperature on the growth rate on 
P.D.A. plates of the sclerotial fungus from flax. Each figure is the mean derived from 
12-14 observations. It was not practicable to secure all data in a single experiment, but 
care was taken to standardize technical details (amount of media, size of dishes, etc.) 
and the time and manner in which measurements were made on each of the three 
occasions over which it was necessary to spread the experiment. 


TABLE 1. 


Mean Diameter Increase over 24-Hour Period of a Sclerotial Fungus from Retting Flax. Grown on Potato Dextrose Agar 
Plates at the Temperatures Shown. 


Temp. °C. be O6 14:3 15°3 17/95) 20°0 25:0 30°0 32°5 34-1 35°8 37°0 


Diam. increase (mm.) 5-6 10:0 iUsyo 2) 19°6 Bae 45°3 49-0 32:0 23°6 10°8 


Above 37° C. mycelial growth becomes strongly aerial and in consequence the measurement of colony diameter 
difficult. 


At 40° C., which is about the maximum, growth ceases within 24 hours. 
The optimum temperature for growth falls rather sharply within the range 30°-32:5° C. This is a high optimum 
for what is apparently, as evidence given later suggests, a soil-inhabiting fungus in a temperate climate. 


(0) Capacity to utilize Carbonaceous Food Materials. 


The rapidity and completeness with which this fungus achieves the ‘“‘retting” of flax 
raises the question of its ability to utilize the various carbonaceous food materials present 
in flax straw, especially cellulose, of which the fibres are composed. The question was 
investigated with pure cultures of the fungus grown on Miintus basal NH,NO, agar 
(Ashpy, 1927), to which various carbonaceous materials were added in uniform quantities 
of 15 grams per litre. The carbonaceous supplements used were: dextrose, xylose, 
soluble starch (B.D.H.), pectin powder 100 grade rapid setting (B.D.H.) and cellulose. 
As the source of cellulose the requisite weight of filter-papers (Whatman’s No. 2) was 
macerated in dilute sulphuric acid, washed and suspended in the basal medium. 

The results of this work are expressed in terms of the number of sclerotia per 
microscopic field (diam. 0:31 mm.) after three weeks’ incubation at 27°C. This period 
allowed ample time for sclerotial production to reach a settled state. 

The figures in Table 2, which summarize the results of this work, are each means 
calculated from observations of 30 microscopic fields. The selection of fields for 
observation was so arranged that systematic variation in sclerotial production on a 
plate, from the centre of the colony to its outer edge and between replicate plates, could 
be estimated and separated from the estimate of standard error. 
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TABLE 2. 
Mean Number of Sclerotia per Standard Unit Area with Different Carbonaceous Nutrients. 


No Carbonaceous 
Pectin. Dextrose. Xylose. Cellulose. Starch, Supplement. 


29:3 28:3 28:0 26°9 23°3 0 


Difference for significance, 3°24 
(nil series excluded). 

On the plates receiving no carbonaceous supplement, while a sparse growth of 
mycelium reaching the edge of the plate occurred, it was not vigorous enough to form 
any definite sclerotia. 

The number of sclerotia per unit area, however, does not on its own provide a 
complete picture of the value of these different materials for growth. It takes no 
account of the size of sclerotia that develop and hence no complete idea of the mass of 
such material produced. The sizes of sclerotia on the plates we are concerned with are 
given in Table 3. They are mean figures each based on 120 measurements. 


TABLE 3. 
Mean Diameters (u.) of Sclerotia produced on Agar Plates with Different Carbonaceous Nutrients. 


Pectin. Dextrose. Xylose. Cellulose. Starch. 


83-2 115°7 101-7 7 


io) 


6 87°3 


Difference for significance, 1°32. 


The results given above reveal that the fungus can utilize each of the above 
carbonaceous materials though the extent of growth as measured by sclerotial production 
varies. 

If we combine the data of Tables 2 and 3 with a view to considering the suitability 
of the food material used in terms of the mass of sclerotial tissue produced, it is 
evident that dextrose is the best, with xylose slightly less so. The other three materials 
are definitely less suitable with but little differences between them. 

One way in which they do differ should, however, be mentioned. On the cellulose 
plates the sclerotia were fairly evenly distributed from the centre to the edge of the 
plates, but in all the other plates they were significantly more numerous at the edges 
rather than in the centre. 


(c) Relation to Acidity. 


The sclerotial fungus was grown on a series of plates of a modified synthetic cotton 
root agar medium (Luthra and Vasudeva, 1938), the pH of which was varied by 
additions of malic acid or sodium carbonate. In this way nine series of plates whose 
initial pH ranged from 3-4 to 10-6 were obtained. Growth was measured in terms of 
increase in colony diameter over 24 hours. The plates were incubated at 27°C. 

Good growth at practically an equivalent rate occurred over the pH range 5-0-8-0. 
Below pH 5:0 it fell slowly at first and then more rapidly. At pH 3:4 it was about one- 
quarter the rate at the optimum. On the alkaline side the fall in growth rate over a 
24-hour period was not so rapid. At pH 10:6, the most alkaline media tested, it was still 
rather more than half the optimum. It was evident that the fungus could grow over a 
very wide range of pH. 


Identity of the Fungus. 

We recall the fact that neither on naturally-infected straw nor on a variety of 
substrates designed to promote sporulation have we succeeded in inducing the formation 
of spore bodies which would facilitate identification. Affinities for this fungus must 
then be sought for among the group of non-sporing Fungi imperfecti. 

We consider that the fungus should be referred to Rhizoctonia bataticola (Taub.) 
Butler. 
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It is true that certain strains of R. bataticola are referable to a sphaeropsidaceous 
species, Macrophomina phaseoli (Maubl.) Ashby (Taubenhaus, 1913), but it is equally 
evident from the extensive literature on the subject that a connection between many 
isolates of R. bataticola and M. phaseoli has not been established. The fungus from 
retting flax apparently falls within this category. We summarize the evidence in favour 
of the proposal to refer this fungus to R. bataticola in the following paragraphs: 

(1) Morphological Characters.—The colour and manner of growth of the mycelium, 
the mode of formation, character, size and abundance of sclerotia produced by the fungus 
in culture agree with descriptions (Taubenhaus, 1913; Luthra and Vasudeva, 1938) and 
figures (Taubenhaus, 1913; Ashby, 1927; Luthra and Vasudeva, 1938) of R. bataticola. 

For comparative purposes we tried to secure an authentic culture from Ceylon,* but 
this was not available. Access to material at Baarn, Holland, is, of course, impracticable 
at present. : 

(2) Physiological Characters.—The temperature relations and the tolerance to acidity 
and alkalinity on solid media of the fungus from flax are similar to those described for 
R. bataticola (West and Stuckey, 1931; Luthra and Vasudeva, 1938). 

The fungus from flax can utilize cellulose, a quality which it shares in common 
with sterile strains of R. bataticola in Ceylon (Gadd—see footnote). On the other hand, 
strains having the capacity to reproduce the pycnidial stage, M. phaseoli, have been 
reported as apparently unable to decompose cellulose (West and Stuckey, 1931). 

(3) Pathological Characters——Taubenhaus (1913), when first describing Sclerotium 
bataticola Taub., now referred to Rhizoctonia bataticola (Taub.) Butler, showed that the 
fungus, under suitable circumstances, could induce symptoms of “charcoal disease” in 
sweet potatoes after an incubation period of three to eight weeks. We have conducted 
similar experiments and have been able to induce “charcoal rot” in injured sweet 
potatoes incubated at 25°C. for a period of four weeks. 

R. bataticola has also been reported to cause a disease of jute seedlings. Our own 
attempts at producing a disease in these plants were unsuccessful. The failure may 
have been due either to the fungus used being non-pathogenic or to some lack in the 
environmental conditions necessary to infection (West and Stuckey, 1931). 

Discussion. 

The markedly greater prevalence of this sclerotial fungus on the basal parts of 
mature flax plants suggests that the fungus originates from the soil. The unspecialized 
character of saprophytism of this fungus has been shown locally by its occurrence on™ 
the mature stems of weeds growing in the flax crop. Further evidence of its relation to 
soil and plants other than flax was provided years ago by S. D. Garrett,; who, in the 
course of studying the fungus flora of healthy mature wheat plants, isolated a similar 
fungus which he also referred to R. bataticola. 

R. bataticola appears, then, to be present naturally in Waite Institute soil, and since 
it has been observed on flax from other parts of South Australia, is probably quite a 
common inhabitant of soils in this State. This occurrence of R. bataticola is notable 
since published records of its geographical distribution show that while widely distributed 
in tropical countries, e.g., Formosa, Ceylon, East Africa and the south-eastern United 
States, it has not attracted attention in more temperate regions. 


SUMMARY. 


The occurrence of a sclerotial fungus on retting flax is described. It was most 
evident on flax maintained for retting at temperatures of 90°F. It also occurs, but 
not freely, on flax being ‘dew retted”’ in the field. When this sclerotial fungus develops 
vigorously, it quickly induces “‘over-retting’”’ and destroys the quality of the fibre. 

Morphological, physiological and pathological characters of the fungus have been 
studied, and on this basis the fungus has been referred to Rhizoctonia bataticola. This 
fungus, which is widely known in tropical countries, is considered to be a natural 
element in some, and possibly in a wide range of, South Australian soils. 


* We are indebted to Drs. Eden and Gadd for help in this matter and to the latter for 
animadversions on ‘What is R. bataticola?’’. 
y+ Unpublished records, Waite Agricultural Research Institute. 
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A NOTE UPON THE UTILIZATION OF XYLOSE AND XYLAN BY AZOTOBACTER. 


By H. L. JeENsreN, Macleay Bacteriologist to the Society. 
(From the Department of Bacteriology, University of Sydney.) 


[Read 21st October, 1942.] 


It was observed in the course of earlier experiments (Jensen and Swaby, 1941), that 
hemicellulose in the form of crude xylan could be used for nitrogen fixation by associated 
cultures of Azotobacter and certain other bacteria which produced organic acids from 
xylan as well as from cellulose. Other cellulose-decomposing organisms, such as 
Cellvibrio spp., fungi and actinomycetes, did not give rise to any significant nitrogen 
fixation, although they readily broke the xylan down to reducing compounds, probably 
xylose. Similar results were afterwards obtained with several fungi, isolated from dew- 
retted flax, these decomposing xylan vigorously but cellulose only feebly. The following 
amounts of nitrogen, as averages of duplicate cultures of 25 ml., were found after 
incubation for 20 days at 28-30°C. in a medium containing: xylan 2:0%, yeast extract 
10%, K.HPO, 0:1%, MgSO, 0:05%, NaCl 0:02%, FeCl, 0:01%, Na.MoO, 0:001% and 
CaCO, 0:2%. 


Inoculum. Total N, mgm. 
Stenlescontrolm(analysedbeforemine wb acon) eeu enn acess nen un econ Oru) 
Az; chroococcum, + Cladosporuim Nenrvarwm on.) 2) oe he ee ee ee 0018 
oN 09 + Stachybotrys atra eRUS/CL SRE Gina to nets eral ls Sally aed anni tre haa ner etl () G2 
s 0 + Alternaria tenwis irs) TURES Sse en drat oi raheem et ae ee) (he) 
3 + Aspergillus niger iM hapeas eC oh oe aR ara S ee OSS 


This constant failure of Azotobacter to fix nitrogen in association with xylan- 
hydrolyzing organisms suggests inability to utilize xylose, the main hydrolysis product 
of natural xylan. Only few observations have been recorded on the utilization of this 
and other pentoses by Azotobacter. Stoklasa (1908) stated that xylose was readily 
consumed with a yield of about 7 mgm. fixed N per gm. of sugar, but since he also_ 
reported the formation of ethyl alcohol, lactic acid and elementary hydrogen in consider- 
able quantities from glucose, it seems open to doubt whether his Azotobacter-cultures 
were pure. LOohnis and Pillai (1908) found that crude cultures of Azotobacter utilize 
xylose very well, fixing about 9-5 mgm. N per gm. sugar. Hoffmann and Hammer (1910) 
found that it represented an inferior source of carbon for pure cultures, whereas 
Mockeridge (1915) reported a fixation of 9 mgm. N per gm. of xylose consumed. Stapp 
and Ruschmann (cit. after Bucherer, 1933) found it unavailable; Bucherer confirmed 
this, but stated that Aspergillus niger elaborates assimilable compounds from xylose. 
Georgi and Ettinger (1941) found xylose readily assimilable, but their experiments, like 
Bucherer’s, were qualitative only. All these data refer to Az. chroococcum; other species 
do not appear to have been tested. The conflicting evidence might in part be due to the 
use of media deficient in molybdenum, but it is also possible that different strains may 
vary in their behaviour towards xylose (cf. Smith, 1935). 

In order to clear up this somewhat obscure point, twenty-five strains of Azotobacter 
were tested for their ability to grow in xylose-media. They included twenty isolates of 
Az. chroococcum and one of Az. vinelandii from Australian soils, in addition to four 
ot American origin (two Az. chroococcum, one Az. beijerinckii, one Az. vinelandii). Some 
of the local isolates were obtained by direct plating on N-free dextrine-agar, and others 
after previous enrichment in N-free xylose-solution inoculated with soil; these 
enrichment-cultures produced typical Azotobacter-pellicles after 3 to 4 days at 28°C. 
(cf. Léhnis and Pillai, 1908). Growth was tested in a solution containing 1% xylose 
and mineral constituents as above, and also on plates of a corresponding agar medium. 
Two. batches of xylose were tried. Plate cultures were incubated for 8 days and liquid 
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cultures for 14 to 18 days at 28-30°C. No visible growth was produced by any strain 
except the local isolate of Az. vinelandii, which showed a very scant growth on agar 
and a barely perceptible turbidity in solution. A quantitative experiment was therefore 
carried out with this strain; duplicate cultures in 20 ml. 2% xylose-solution were 
incubated for 35 days at 28-30°C., and the following average amounts of nitrogen were 
found: 


Inoculum. Total N, mgm. 
Sterile control solution .. pa ae as pase Mn pute a ad ane avs Say B08 oe 
Az. vinelandii .. .. 30, oo. (RB 


Az. vinelandii thus seems able to tile the eviods to a “alight ares but in 
Az. chroococcum this is obviously not a common property. Assuming that the cultures 
were pure, the xylose-consuming strains examined: by Mockeridge (1915) and Georgi 
and Ettinger (1941) must consequently have been of an exceptional character; the 
strong acid-formation from several sugars in Georgi and Ettinger’s experiments also 
indicates a somewhat abnormal behaviour. 

The nitrogen fixation resulting in mixed cultures would evidently depend on the 
ability of the accompanying organisms to transform the xylose into compounds available 
to Azotobacter, and in their turn to utilize the nitrogen fixed by the latter. According 
to Thaysen and Galloway (1930), xylose is fermented by many different groups of 
bacteria, and some of them, e.g., the lactic acid bacteria, yield products that are valuable 
sources of carbon for Azotobacter. The same is true of some typical anaerobes such as 
the butyric acid and butyl alcohol bacilli; these or similar organisms may be responsible 
tor the good growth of Azotobacter in xylose-solution inoculated with soil. An actual 
example of such an associate that enables Azotobacter to utilize xylose is furnished by a 
cellulose-decomposing corynebacterium (Cor. fimi?) which was previously found able to 
teed Azotobacter from cellulose and xylan (Jensen and Swaby, 1941). Pure and associated 
cultures in 20-ml. portions containing 2% xylose, 05% yeast extract, and minerals as 
above, showed after incubation for 18 days at 28-30°C. the following contents of nitrogen 
(average of duplicates unless otherwise stated): 


Inoculum. Total N, mgm. Gain, mgm. 
Sterile control (triplicate) .. Mote Hers terse Seay Gece mei Oca 
Corynebacterium fimi (single) ye ain se ise Rin eee, HOTAES 
Az. chroococcum Sc ear ale bee Sn eae eeepeeera 0248 
5 a5 TOOTING ange eis! stk, | pees aptebera Worm IML OALE & 0-80 
Az. vinelandii .. ae Fis Ny Negi ba ein le aay OS Oe an (0-15) 
A op + Cor. me Bois teat ae 1-21 aye 0-74 


The fixation by Az. vinelandii alone is so slight as to be of questionable significance, 
but both species together with the corynebacterium produced good growth and a definite 
nitrogen fixation. Also a variety of Bac. polymyzxa, isolated from an enrichment-culture 
in xylose-solution, supported growth of Az. chroococcum in soil-extract with 1% xylose, 
but several other xylose-decomposing bacteria isolated from similar sources failed to do 
so, and likewise Rhizobium meliloti and Acetobacter suboxydans; apparently their 
metabolic by-products are not acceptable to Azotobacter. 

Another test was performed to see whether Bac. polymyxa was able to induce growth 
ot Azotobacter in association with xylan-hydrolyzing organisms. Various combinations 
were grown in 20-ml. portions of dilute soil-extract with 2% xylan, mineral constituents 
as above, and per culture, 0-5 mgm. N as (NH,).SO, After 40 days at 28°C. the 
following amounts of nitrogen were found: 


Inoculum. Total N, mgm. Gain, mgm. 
Sterile control .. . Seen eats aes te el ee'S 
Az. chroococcum + Bae! PATE. Leu ect hartan cee meiciee Loot: 
D0 . + Cellvibrio sp. : eee 0G 
2 0 4P e + Bac. nateOtae: Soha eee we Oil! at 1-29 
op 90 + Trichoderma sp. .. 66) log) dbx 
% ” + 5 + Bac. polynuse. ai 1-25 


The combination of Azotobacter with Cellvibrio oral Bac. polymyza has fixed an 
appreciable quantity of nitrogen; this was also the only case where a visible growth 
of Azotobacter was observed. The corresponding combination with Trichoderma failed 
to fix nitrogen, probably because the fungus only accumulates reducing sugars from the 
xylan when deprived of oxygen (sealed cultures). Thus when nitrogen is fixed under 

DD 
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natural conditions at the expense of xylan, the biological mechanism would seem to 
consist of an association between Azotobacter and organisms like Cor. fimi or Cellvibrio 
spp., in the latter case with the intervention of organisms like Bac. polymyzxa; the place 
of the last organism might be taken by Clostridium butyricum which, by virtue of its 
own ability to fix nitrogen, might further increase the efficiency of the process and 
also lead to a gain of nitrogen under conditions unsuitable for Azotobacter. 

Arabinose, the pentose that comes next to xylose in importance as a structure-element 
of hemicelluloses, is stated by Stoklasa (1908), Hoffmann and Hammer (1910), and 
Mockeridge (1915), to be a favourable nutrient for Az. chroococcum, but Bucherer 
(1933), as well as Stapp and Ruschmann quoted by him, found it unavailable. Among 
the organisms included in the present experiments, the American strain of Az. beijerinckii 
produced a scant, and the local isolate of Az. vinelandii a good growth in arabinose- 
solution, but Az. chroococcum did not grow. A quantitative experiment (duplicate 
cultures in 25 ml. N-free mineral solution with 2% arabinose) showed the following 
amounts of nitrogen after 15 days at 28-30°C.: 


Inoculum. Total N, mgm. 
Sterilexcontrol solution tise 7 ee fone Pic, ee ec Sane eee Os etely aentl Peaerer eee. 0,6 
Az. chroococcum ae ie a see a Bs ae Ets a By See oe eee 02016 
Az. vinelandii... San.) oo, dahon 


The amount of nitrogen fixed by Az. vinelandii corresponds to more than 22 mgm. 
per gm. of sugar; this is an efficiency probably as high as ever recorded. A relatively 
strong nitrogen fixation might thus result at the expense of arabans or other hemi- 
celluloses containing arabinose, through direct association of Az. vinelandii and araban- 
hydrolyzing organisms. 


SUMMARY. 


Xylose was not utilized by Azotobacter chroococcum, and only to a very small extent 
by Az. vinelandii. Nitrogen can be fixed through the intervention of other bacteria 
capable of transforming the xylose into compounds available to Azotobacter. Xylan 
may be utilized by Azotobacter in association with such organisms in addition to others 
that hydrolyze the xylan. Arabinose is utilized very well by Az. vinelandii, but not by 
Az. chroococcum. 


References. 


BucHERER, H., 1933.—Experimenteller Beitrag zur Frage der ernaéhrungsphysiologischen Wechsel- 
beziehungen zwischen Bakterien und Pilze. Cent. Bakt., II, 89, 273-283. 

GeEorGI, C. E., and ETtrincer, J. M., 1941.—Utilization of Carbohydrates and Sugar Acids by the 
Rhizobia. J. Bact., 41, 323-340. 

HOFFMANN, C., and HAMMER, W. B., 1910.—Some Factors concerned in the Fixation of Nitrogen 
by Azotobacter. Cent. Bakt., II, 28, 127-139. 

JENSEN, H. L., and Swasy, R. J., 1941.—Nitrogen Fixation and Cellulose Decomposition by Soil 
Micro-organisms. II. Proc. LINN. Soc. N.S.W., 66, 89-106. 

LGOHNIS, F., and Piuuar, N. K., 1908.—Ueber stickstofffixierende Bakterien. Cent. Bakt., II, 20, 
781-799. 

MOCKERIDGE, F., 1915. 
9, 272-283. 

SmitH, N. R., 1935.—The Occurrence of a Strain of Azotobacter which does not ferment 
Mannitol. J. Bact., 30, 323-328. 

STOKLASA, J., 1908.—Beitrag zur Kenntnis der chemischen Vorgéinge bei der Assimilation des 
elementaren Stickstoffs durch Azotobacter und Radiobacter. Cent. Bakt., II, 21, 484-509, 
620-632. 

THAYSEN, A. C., and GaLtLtoway, L. D., 1930.—The Microbiology of Starch and Sugars. London. 


Soil Organic Matter as a Culture Medium for Azotobacter. Biochem. J., 


[at ) 
i) 
— 


ON AUSTRALIAN DERMESTIDAE. PART II. 
THE GENUS TROGODERMA BERTILOLD. 
By J. W. T. ARMSTRONG. 


[Read 21st October, 1942.] 


Twenty-eight Australian species have already been described as belonging to the 
genus Trogoderma: twenty by Blackburn, three by Arrow, two each by Erichson and 
Lea, and one by Reitter. Of these, Blackburn himself noted that his 7. baldiense probably 
was the same as 7’. apicipenne Reitt., and this I believe to be correct. One of Arrow’s 
species, 7. pectinifer, is the insect previously described by Macleay as Megatoma apicalis, 
and thus becomes Trogoderma apicalis Macl. Blackburn evidently did not know this 
species. J. socium Lea was originally described as an Anthrenus. Fifteen new species 
are described herein, bringing the total number of Australian species to forty-two. Of 
these, the only species I am sure I have not seen is 7. consors Arrow. 

In the following tabulation, the aim has been to use, as much as possible, characters 
which do not necessitate removing specimens from their cards. The shape of the 
prosternal sulci is frequently obscured by the antennae, and is therefore not a suitable 
character for use in a tabulation, the purpose of which is to make the preliminary 
determination as easy as possible. I have found it necessary to depend on the character 
of the male antennal club more than seems advisable, as this renders the tabulation 
defective in regard to females. 

T. whitei, n. sp. is not very noticeably bicolorous, but its natural place is beside 
T. tolarnense Blackb. T. hobartense, n. sp. should perhaps be placed in the bicolorous 
section on account of the rufescent apex to the elytra, but this is only apparent on critical 
examination. 


Tabulation of Australian Species of the Genus Trogoderma. 
A. Elytra separately rounded; not completely covering body. 
iB eronotumy strongly, marsinates form, Narrow 220...) sees ee one marginicolle, n. sp- 
BB. Not as above. 
C. Colour mainly black. 


ID), ANNE OTEK ChE Gp MaXKoHhaHKeY noob adoopomaueuos OG Ube Ue apicalis Macl. = pectinifer Arrow 
DD) SPAN TENN A Ci Lic SOLACE! cin cas ers ic est oo oueboehotehenefebees) ors: wuscelcieu aisle orejelie ele eusboue consors Arrow 
COM Colour mainly Aernu sinus’ sa. ecsciieisnene eee ereaehe eens lect ete ie arsine occidentale Blackb. 


AA. Elytra not separately rounded; completely covering body. 

B. Unicolorous (excepting antennae and legs), or almost so. (Some of the species have the 
elytra somewhat paler, but not in any degree contrasting with the main colour, or 
bicolorous in themselves. ) 

C. Very small, not more than 2 mm. long. 
D. Elytra devoid of erect setae or pubescence; clothing short and depressed. 


E. Antennal club 5-segmented; size smaller ....................--.4-- parvum, n. sp- 
HE: Antennal club 3-segmented; size larger ..........¢-2..0.--.-.-¢05.> exsul Blackb. 
IDID, IDR GA, TeveracoMIhY loysaveol” so dbs oudemsadocaotoodd dopo ed ondoouObONoUG lindense Blackb. 


CC. Length more than 2 mm. j 
D. Antennal club of &@ 8-segmented. 
E. Colour fuscous; puncturation fine. 


Desh lytra narrowingetrom) shoulders; size lancer secs ciieuleveincer ne laevipenne, nN. sp. 
FF. Elytra, if anything, widening from shoulders; size smaller .. explanaticolle, n. sp. 
Mba Colournblackspunctunationecoarsemniiecricr cence creiceenerer maurulum Blackb. 


DD. Antennal club of ¢ 7-segmented. 
EK. Legs testaceous. 
1d, SAE VEVGHeOS foyoen lOO? Gwodocencocad ode obodbOoUoeououUuOOE hobartense, n. sp. 
Hee Sizersmallere a tOnnrenaLrrOw.ely mci seicrcnciciciecrer steerer cicieeiiueseesneKeveh ots ellipticum, n. sp- 
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EE. Legs black. 
F. Puncturation of elytra extremely close; clothing of black and white setae inter- 


FS] OL =) Hoh 210 PME ME Rea nen nS a aa cher Son Sheer ait lal Rie he Ug ni meyricki Blackb. 
FF. Puncturation of elytra much less close; clothing unicolorous. (The first segment 
Of stherclubwisiverya Smalls) ieee een enna ein aeons pars antipodum Blackb. 
DDD. Antennal club of ¢& 6-segmented. 

E. Size large, more than 3 mm.; antennal club strongly serrate ........ frater Arrow 

EE. Size smaller, less than 3 mm.; antennal club not thus. 
Bo oNarrowers colour DIA foie tc sua caepelie itasen on Ravel ea erie be ds Re peueney wetene boganense, n. sp. 
IMs EpKoPKoKIo CoNhOVOHO OKO og aoddoodauoocmdScouoboODOUbOb Udo nigrobrunneum, Nn. sp. 


DDDD. Antennal club of ¢ not more than 5-segmented. 
E. Clothing very fine and rather pale. 


bE Pronotumemarrinate;colounsblackwe serie eee eee socium Lea 
FF. Pronotum not so; colour brown. 
G. Less) nitids; puncturationicoarsery. 14-174 ene ere eee inconspicuum, n. sp. 
GG Morel nitid; puncturation wernys fines secession reitteri Blackb. var. 
EE. Clothing coarse and black, or dark in difficile Blackb. 
F. Antennal club 3-segmented in at least one sex; size larger ........ -.. 2? morio Er. 


FF. Antennal club more than 3-segmented in both sexes; size smaller. 


G. Prosternal sulci not so deep, and sides parallel; clothing fusco-piceous ...... 
difficile Blackb. 


GG. Prosternal sulci deep and triangular; clothing black. 
H. Antennae with club only dark, and segments more compact. 


I. Pronotum slightly marginate; form sub-ovate ............ debilius Blackb. 
II. Pronotum not at all marginate; form ovate .......... adelaidae Blackb. 
HH. Antennae entirely dark; club not so compact ........ pars varipes Blackb. 


BB. Noticeably bicolorous, or with bands of light coloured pubescence. 
C. Elytra unicolorous except for one or more bands of light coloured pubescence! 
D. Puncturation finer. 


E. BElytra with 1 fascia; antennal club of & 3-segmented ........... setulosum, Nn. sp. 

EE. Elytra with 2 fasciae; antennal club of & 7-segmented ........ Ssingulare Blackb. 

EEE. Elytra with 4 fasciae; antennal club of a 4-segmented .... riguum Er. or n. sp. 

Elytra with 4 fasciae; antennal club 3-segmented .................. riguum Er. 
(Unknown to me. ) 

DD Puncturationy very, coarse: Gijelytraltascia)pneis caeeaeeone eee tasmanica, n. sp. 


CC. Elytra bicolorous or, if not, without bands of light coloured pubescence. . 
D. Elytra with light antemedial markings. 
E. Elytra with red humeral spots only. : 
HY eSizeslaree coarsely Apunctates -yackc eestor cer cneilencne massaei-tee sneer carteri, n. sp. 
ME ySizevsmalleehinelyapunctatenerrsaci er ion nenaicucice aati ncnaa acacia reitteri Blackb. 


EE. Elytra with apices red and an antemedial, lateral, red spot on each............. 
apicipenne Reitt. var. 


EEE. Elytra with a clearly defined antemedial fascia. 
F. Larger; normally wide; fascia red (antennal club of ¢ 5-segmented) ..........- 
froggatti Blackb. 


FF. Smaller; narrower; fascia testaceous. 
G. Elytral markings confined to the antemedial fascia and apices .. longius Blackb. 
GG. Elytral markings much more extensive. 
H. Pale area of elytra forming a shadowy cross; form shorter; antennal club of 
GO T=SELMENTCA) choc eed srotegeste Seewok tare we tates seats ten euseou ele ty aeetos itehens leai, n. sp. 
HH. Pale area of elytra not thus; form longer ................ blackburni Lea 
DD. Elytra devoid of antemedial markings, or fascia of pale pubescence. 
E. Elytra unicolorous. 
F. Elytra red. 
G. Antennal club serrate. 


H. Medial lobe shorter; less thickly clothed .......... pars tolarnense Blackb. 

HH. Medial lobe longer; more thickly clothed ................... whitei, n. sp. 
GG. Antennal club not serrate. 

H. Size small; antennal club 3-segmented ................... rujipenne, n. sp. 

HH. Size large; antennal club 6-segmented ................. yorkense Blackb. 


EE. Elytra bicolorous. 
F. Sides and apex of elytra red. 


G. Antennal club of o& 8-segmented, strongly pectinate ......... macleayi Blackb. 
GG. Antennal club of ¢ 6-segmented, strongly serrate .... pars tolarnense Blackb. 
GGG. Antennal club of & 5-segmented, not serrate .............. eyrense Blackb. 


FF. Apices only of elytra red. 
G. Length 3 mm. to 5 mm. 
H. Basal lobe of pronotum shorter; pronotum less transverse ............-.+-- 
apicipenne Reitt. = baldiense Blackb. 
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HH. Basal lobe of pronotum longer; pronotum less transverse .. alpicola Blackh. 
GG. Length less than 3 mm. 
H. Antennal club of &@ 4-segmented; prosternal sulci distinct and closed behind 
SHOWN Metra wend Negra) liorge iorisyccize ven ehtstrogel seein sn cnieaeireteu enews: coin si(ake be Waicmetewe pars varipes Blackb. 
HH. Antennal club of o& 7-segmented; prosternal sulci much less distinct and 
openg@behin dita b.ss kts cree sable spec trike aces ene pars antipodum Blackhb. 
In the following descriptions, when the pronotum is referred to as marginate, it is 
implied that it can be seen to be so from directly above; also, if the insect is said to be 
convex, it is more than usually so. The pronotal puncturation referred to is that of the 


dise only, unless otherwise stated. 


TROGODERMA MARGINICOLLE, N. Sp. 


Elongate ovate, fusco-piceous, nitid, sparsely clothed with long fusco-piceous setae, 
elytra tusco-rufous, antennae and legs testaceous, club fusco-piceous. 

Pronotum strongly transverse, widest at base, sides strongly marginate and evenly 
rounded to apex, posterior angles acute, base bisinuate, medial lobe very wide, not 
produced, rounded at apex, finely and fairly closely punctate. Elytra less than two- 
thirds as wide as long, base equal in width to prothorax, slightly wider at shoulder, 
thence gradually widening for two-thirds of length, apices separately rounded, moderately 
punctate, faintly costate, depressed in front of shoulders. Antennal club compact, 
elongate ovate; 3, 6-segmented; 9, 5-segmented. Prosternal sulci wide, deep, triangular, 
closed. 

Size: 2:6 mm. x 1:25 mm.; 2:4 mm. x 1:1 mm. 

Hab.—S. Aust.: Lucindale (Feuerheerdt); Mt. Lofty Ranges (S. H. Curnow). 

Holotype and paratypes in South Australian Museum, paratype in author’s collection. 

Five specimens of this very distinct species cannot be confused with any Trogoderme 
described from Australia. In shape and in its not very robust form, it is nearest to 
T. longius Blackb. and T. blackburni Lea, but both these species have a conspicuous 
elytral pattern. The strongly marginate pronotum is distinctive. 


TROGODERMA (MEGATOMA) APICALIS (Macl.). 


Megatoma apicalis Macleay, Trans. Ent. Soc. N.S.W., ii (3), 1871, 170.—Trogodermea 
pectinifer, Ann. Mag. Nat. Hist., (8) xv, 1915, 429. 

Macleay’s type in the Australian Museum, which I have examined, is a Trogoderma. 
Blackburn evidently did not know of it. The species occurs commonly in the Bogan 
River region of New South Wales, and agrees very well with the description of 
T. pectinifer Arrow, and must be the same insect, especially as it must occur in the type 
locality of the latter. Arrow’s description is by far the better. 


TROGODERMA OCCIDENTALE Blackb. 


Trans. Roy. Soc. S. Aust., xiv, 1891, 127. 

The description of this species was based on a single female. The male antennal 
club is 7-segmented. No dimensions are stated for the type, which is in the British 
Museum. Specimens before me vary from 4:6 mm. x 2°75 mm. to 2:25 mm. x 1-4 mm. 
The base of the pronotum is sometimes infused with the colour of the elytra. 


TROGODERMA PARVUM, N. Sp. 


Ovate, convex, piceous, sub-nitid, fairly thickly clothed with pale ‘depressed 
pubescence, elytra and antennae fusco-piceous, legs testaceous. 

Pronotum widest just in front of base, posterior angles acute, sides evenly rounded 
to apex, base lightly bisinuate, medial lobe rounded at apex and not produced, oblique 
depressions slight, coarsely and closely punctate. Elytra, base slightly narrower than 
that of prothorax, slightly widened at shoulders, thence slightly curved, then evenly 
rounded to apex, coarsely and closely punctate (rather more so than pronotum). 
Antennae of ¢, 3rd segment moniliform, 4th to 6th strongly serrate, remaining five 
forming the club proper, of which the first four are progressively more transverse and 
the terminal of nearly equal length and breadth, evenly rounded at apex, club rather 
loose; 9, 3rd to 6th small moniliform, club 5-segmented, narrowly elongate-ovate, loose. 
Prosternal sulci deep, narrowly triangular, narrowly open. 
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Size: 1:75 mm. x 1:25 mm.; 1:55 x 1 mm. 

Hab.—W. Aust.: Mullewa, Warren R., Geraldton (W. D. Dodd). 

Cotypes in the South Australian Museum and the author’s collection. 

There are nine specimens before me. They can be associated with T. exrsul Blackb. 
and T. eyrense Blackb. on account of their small size, but differ conspicuously in the 
antennae and are still smaller. The species differs from the former by its more closely 
and coarsely punctate pronotum, and from the latter by its depressed pubescence. 


TROGODERMA LAEVIPENNE, 0. Sp. 


Sub-ovate, fuscous, nitid, clothed with long, fine, semi-erect testaceous pubescence, 
legs and antennae testaceous. 

Pronotum widest at base, this moderately bisinuate, medial lobe broad sub-truncate, 
posterior angles acute, sides evenly curved and slightly marginate, apex less strongly 
curved, finely and not closely punctate, oblique depressions wide and shallow. Elytra 
two-thirds as wide as long, base slightly narrower than prothorax, expanding to shoulders 
thence gradually narrowed for approximately two-thirds of length, then evenly rounded 
to apex, finely and not closely punctate. Antennal club of (?) ¢ loosely 8-segmented, 
of which Ist and 2nd segments are sub-moniliform, 3rd to 6th sub-quadrate and 
progressively increasing in size, 7th approximately equal to 6th and 8th elongate and 
rounded at apex. Prosternal sulci wide, deep, sub-triangular, closed. 

Size: 3 mm. x 1-8 mm. 

Hab.—Qd.: Mt. Tambourine (A. M. Lea). 

Type unique in South Australian Museum. 

The antennal club could be considered to consist of 6 segments only, but as the 4th 
and 5th are more highly developed than the 38rd, which is elongate and without setae, 
it seems to me, they should be included. The antennae are very similar to those of 
T. maurulum Blackb., from which its colour and much finer puncturation at once 
separate it. It can hardly be confused with any described Australian species. 


TROGODERMA EXPLANATICOLLE, N. SD. 


Sub-ovate, fuscous, sub-nitid, clothed with long, fine, semi-erect testaceous pubescence, 
elytra fusco-rufous, antennae and legs testaceous. 

Pronotum widest just in front of base, this moderately bisinuate, medial lobe broad, 
large, evenly rounded, posterior angles barely acute, sides evenly rounded to apex and © 
noticeably explanate, lightly and moderately closely punctate. Elytra four-fifths as wide 
as long, base narrower than base of prothorax, slightly expanding to shoulders, thence 
approximately parallel for about one-half length, then evenly rounded to apex, moderately 
and not closely punctate. Antennal club of ¢ elongate, symmetrical, 8-segmented, of 
which the first seven are sub-quadrate and progressively larger, the terminal elongate 
and sub-conical. Prosternal sulci wide, deep, sub-triangular, closed. 

Size: 2-2 mm. x 1-25 mm. 

Hab.—S. Aust.: Kangaroo I. (A. H. Elston). 

Cotypes in the Australian Museum and the author’s collection. 

Both the specimens before me are evidently males. The 8-segmented antennae 
associate this species with 7. maurulum Blackb. and T. laevipenne, n. sp., but the former 
is black and the latter very different in outline, and larger. In shape and size it 
resembles 7. socium Lea, but that species also is black. 


TROGODERMA HOBARTENSE, N. Sp. 


Ovate, moderately convex, nitid, fusco-piceous becoming fusco-rufous at apex and 
sides of elytra, fairly closely clothed with fuscous pubescence, legs and antennae 
testaceous. 

- Pronotum widest at base, this moderately bisinuate, medial lobe wide, large, and 
evenly rounded, posterior angles acute, sides evenly rounded to apex, finely and fairly 
closely punctate. Elytra two-thirds as wide as long, slightly wider than prothorax, 
parallel for two-thirds of length, then evenly rounded to apex, rather closely and fairly 
coarsely punctate. Antennal club of ¢ 7-segmented, narrowly elongate; 9, 5-segmented 
elongate-ovate. (Prosternal sulci invisible without removing specimens from card.) 
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Size: 3-5 mm. x 2 mm.; 2:75 mm. x 1:6 mm. 

Hab.—Tasm.: Hobart (A. M. Lea). 

Holotype and allotype in South Australian Museum. 

This species is distinguished from 7’. nigrobrunneum, n. sp. by its coarser elytral 
puncturation, and from 7. reitteri Blackb. by the greater number of segments in the 
antennal club. 


TROGODERMA ELLIPTICUM, Nl. Sp. 

Elliptical, piceous, sub-nitid, sparsely clothed with long piceous setae, elytra fusco- 
piceous, legs and antennae testaceous, club piceous, ventral pubescence pale. 

Pronotum widest at base, this moderately bisinuate, medial lobe wide and evenly 
rounded at apex, sides evenly rounded to apex, posterior angles acute, moderately and 
closely punctate, oblique depressions shallow. Elytra three-fifths as wide as long, slightly 
wider than prothorax, parallel from shoulders for approximately one-half length, coarsely 
and not so closely punctate. Antennal club of ¢ long, elongate-ovate, compact, 
7-segmented, of which the ist is small, but distinctly wider than the preceding two; 
9, elongate-ovate, compact, 5-segmented. Prosternal sulci, deep, wide triangular, closed. 

Size: 2-3 mm. x 1:2 mm.; 2:1 mm. x 1:1 mm. 

Hab.—S. Aust.: Murray Bridge (Lea); Mt. Lofty Ranges (S. H. Curnow); Lucindale 
(Feuerheerdt). 

Holotype and paratypes in South Australian Museum, paratype in the author’s 
collection. 

There are four specimens before me. The species is more compact than 
T. marginicolle, n. sp., more coarsely punctate and differs in the antennae of the male. 
It is narrower and darker in colour than TJ. lindense Blackb. and also differs in the 
antennae. From the two other Australian species, 7. antipodum Blackb. and 
T. meyricki Blackb., in which the antennal club is 7-segmented, it differs in being smaller, 
narrower and not black, and from the latter in the uniform colour of its dorsal clothing. 


TROGODERMA MEYRICKI Blackb. 


Trans. Roy. Soc. 8S. Aust., xiv, 1891, 128. 

The cotype of this species in the South Australian Museum is in pieces, but there 
are also specimens from South Australia and Western Australia that agree very well 
with the description. The interspersed black and white clothing is quite noticeable, 
the light coloured setae being shorter and more depressed. The other noticeable feature 
is the contrast between the very finely punctate pronotum and the coarsely punctate, 
almost rugose, elytra. 


TROGODERMA FRATER ATrow. 


Ann. Mag. Nat. Hist., (8) xv, 1915, 430. 

Two specimens, one in the South Australian Museum and one in my collection, taken 
near Sydney, agree perfectly with Arrow’s description though one is 4 mm. in length. 
They superficially resemble the species I take to be T. morio Er., but the serrate antennae 
at once separate them. 


TROGODERMA BOGANENSE, Nl. Sp. 


Sub-ovate, black, convex, nitid, clothed with semi-erect black setae, legs and antennae 
fusco-ferruginous. 

Pronotum widest at base, this moderately bisinuate and slightly elevated, medial 
lobe broadly rounded and raised at apex, posterior angles acute, sides evenly rounded 
to apex, oblique depressions unusually near lateral margins, finely and not closely 
punctate. Elytra two-thirds as wide as long, base depressed and as wide as prothorax, 
very slightly expanding to shoulders, thence gradually widening for about two-thirds 
of length, then evenly rounded to apex, moderately and fairly closely punctate. Antennal 
club of ¢ large, asymmetrical, 6-segmented, of which 1st to 5th are progressively wider 
and produced anteriorly, 1st to 3rd very short and transverse, 4th and 5th much longer, 
but still wider and 6th a little narrower, not transverse and bluntly rounded at apex; 
9, 3-segmented, small, ovate. Prosternal sulci very wide, shallow, triangular, closed. 
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Size: 2-5 mm. x 1-4 mm.; 2 mm. x 1-1 mm. 

Hab.—N.8.W.: Bogan R. (J. W. T. Armstrong). 

Cotypes in the South Australian Museum and the authovr’s collection. 

A long series before me is distinguished most readily from the other small black 
species by the elytra being widest two-thirds of their length from the base. The 
6-segmented asymmetrical club of the male readily differentiates the species in my 
tabulation. 


TROGODERMA NIGROBRUNNEUM, DN. Sp. 


Ovate, fuscous, nitid, clothed with fine, somewhat paler depressed pubescence, 
extremely lightly and rather sparsely punctate, legs and antennae testaceous. 

Pronotum widest at base, this lightly bisinuate, medial lobe wide and sub-truncate 
at apex, posterior angles acute, sides evenly rounded to apex. LElytra three-fourths as 
wide as long, expanding to shoulders thence slightly narrowed and widely rounded to 
apex, base as wide as prothorax. Antennal club of ¢ 6-segmented, compact, widening 
to penultimate segment, terminal segment sub-triangular and depressed at centre; 
Q, 4-segmented. Prosternal sulci wide, deep, triangular, closed. 

Size: 3:25 mm. x 2 mm.; 2 mm. x 1:25 mm. 

Hab.—Qd.: Cairns (A. M. Lea, F. P. Dodd, E. Allen). 

Cotypes in the South Australian Museum and the author’s collection. 

There are twenty-seven specimens before me. They are readily distinguished from 
the Australian members of the genus by the extreme fineness of their puncturation. The 
species most resembles 7. reitteri Blackb., but differs in the antennae and there is no 
sign of the humeral spot. The puncturation in reitteri is coarser on the elytra. Some 
of the series are rather lighter in colour. 


TROGODERMA SOCIUM (Lea). 


Anthrenus socius Lea, Proc. Linn. Soc. N.S.W., (2) x, 1895, 228. 
In addition to the type, there are six other specimens from Sydney in the Lea 
Collection. 


TROGODERMA INCONSPICUUM, DN. Sp. 


Ovate, fusco-piceous, sub-nitid, clothed with moderately long semi-erect pallid 
pubescence, legs and antennae testaceous. 

Pronotum widest at base, this shallowly bisinuate, medial lobe wide and rounded; 
posterior angles acute, sides evenly rounded to apex, finely and fairly closely punctate. 
Elytra three-fifths as wide as long, base as wide as prothorax, expanding slightly to 
shoulders thence parallel at first, then evenly rounded to apex, rather coarsely and fairly 
closely punctate, colour slightly diluted at apex. Antennal club 3-segmented, ovate. 
Prosternal sulci wide, deep, triangular, closed. 

Size: 2:25 mm. x 1-5 mm. 

Hab.—W. Aust.: Swan R. (Lea). 

Cotypes in the South Australian Museum. 

I am doubtful of the sex of the two specimens before me. They are close to 
T. reitteri Blackb., but less nitid and more strongly punctate, especially on the elytra, 
and the humeral spot is absent. From T. socium Lea they differ inter alia by the 
prothorax being not at all marginate. 


TROGODERMA REITTERI Blackb. var. 

Trans. Roy. Soc. 8. Aust., xv, 1892, 207. 

There is a series in the Lea Collection, from the vicinity of the Jenolan Caves, and 
four specimens in my own, from Mullaley, New South Wales, that I cannot separate 
satisfactorily from Blackburn’s species. The elytra are unicolorous and I believe the 
prothorax to be larger. 


TROGODERMA ? MORIO (Er.). 
Megatoma morio Hrichson, Arch. f. Naturg., viii (1), 1842, 152. 
Ovate, black, sub-nitid, clothed with rather short black setae, antennae and tarsi 
tfusco-ferruginous. 
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Pronotum moderately, deeply and fairly closely punctate on disc, sides punctate- 
rugulose, widest at base, evenly rounded to apex, posterior angles acute, base moderately 
bisinuate, medial lobe broad, fairly long and evenly rounded, oblique depressions not well 
developed. Elytra two-thirds as wide as long, slightly wider than prothorax, parallel for 
two-thirds of length, then evenly rounded to apex, rather coarsely and closely punctate. 
Antennal club of ¢ 3-segmented, elongate-ovate (the 8th segment, though more trans- 
verse than the 7th, does not :seem to belong to the club); 9, 5-segmented, rather more 
lightly coloured. Prosternal sulci moderately deep, fairly wide, sub-triangular, closed. 

Size: 4-75 mm. x 2-8 mm.; 3-4 mm. x 2 mm. 

Hab.—N.8.W., Vict., W. Aust. 

This species resembles 7. apicipenne Reitt. in shape and size. It agrees far better 
with Hrichson’s description, than that chosen by Blackburn, which is too elongate, so 
closely punctate as not to appear nitid and the antennae not with the club only dark as 
in the original description. This species is widespread in southern and eastern coastal 
areas, and, though I have not seen a Tasmanian specimen, it must almost certainly 
occur there. It is remarkable that the smaller and narrower specimens, presumably 
males, have the antennal club 3-segmented, whereas the females have it 5-segmented. 
This character and its larger size at once separate it from 7. debilius Blackb., T. adelaidae 
Blackb. and J. varipes Blackb. 

The specimens identified by Blackburn as 7. morio, I am unable to differentiate from 
his T. maurulum. The female antennal difference noted by him seems to me either too 
slight or to be due to the angle at which the antennae are observed. The female club is 
5-segmented in each case. The puncturation of the pronotum, which is closer but not so 
deep, distinguishes this species from that described above; also the antennae are 
different. 


TROGODERMA DIFFICILE Blackb. 


Trans. Roy. Soc. S. Aust., xiv, 1891, 126. 

There is no cotype or specimen identified by Blackburn in the South Australian 
Museum, but specimens there agree so well with his description that I have no hesitation 
in identifying them as this species. Arrow, when describing T. frater, doubted that the 
clothing of T. difficile was bicolorous. That of the specimens before me is fusco-piceous. 


TROGODERMA ADELAIDAE Blackb. 


Trans. Roy. Soc. S. Aust., xiv, 1891, 125. 

This species and 7. debilius Blackb. (Trans. Roy. Soc. S. Aust., xxvii, 1903, 164) are 
extremely close and I am not at all sure that they are distinct. There is no co-type of 
T. debilius in the South Australian Museum, and the differences, noted in my tabulation, 
which are based on a specimen identified by Blackburn, are very slight. 


TROGODERMA SETULOSUM, 0. sp. 


Elliptical, fuscous, sub-nitid, clothed with short depressed fuscous setulae, elytra 
slightly paler, and with a vague antemedial fascia of pallid setulae; antennae and legs 
testaceous. 

Pronotum widest at base, this lightly bisinuate, medial lobe of moderate width, 
rather long and evenly rounded, posterior angles acute, sides evenly rounded to apex, 
oblique depressions very faint, lightly and not closely punctate. Elytra three-fifths as 
wide as long, base as wide as prothorax, expanding a little to shoulders thence sub- 
parallel for about one-half length then evenly rounded to apex, moderately and not 
closely punctate. Antennal club of (?) ¢@ 3-segmented, ovate. Prosternal sulci wide, 
deep triangular, closed. 

Size: 2-25 mm. x 1-4 mm. 

Hab.—Qd.: Cunnamulla (H. Hardcastle). 

Holotype, unique in South Australian Museum. 

The clothing of this species is much shorter and more depressed than in T. singulare 
Blackb., besides the antennal difference. From T. inconspicuum, n. sp., it differs in 
being longer and less coarsely punctate, as well as in the clothing; and the same applies 
to T. reitteri Blackb. var., except that it is more coarsely punctate than that species. 
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TROGODERMA SINGULARE Blackb. 


Trans. Roy. Soc. 8. Aust., xiv, 1891, 128. 

There is no specimen identified by Blackburn in the South Australian Museum, but 
specimens from South Australia and Western Australia in that collection agree well 
with his description. They vary somewhat in the length of their clothing, and on three 
specimens in the Australian Museum from New South Wales it is extremely long. The 
puncturation of the latter is coarser, but I still believe them to be the same species. 


TROGODERMA RIGUUM Er. 


Arch. f. Naturg., viii (1), 1842, 152. 

I am in considerable doubt regarding this species. After careful consideration of 
five specimens assigned to it by Blackburn, including one of those referred to in his 
note (Trans. Roy. Soc. 8. Aust., xxxi, 1907, 232), which is not abraded, I cannot agree 
that they belong to this species, and believe them to be undescribed. They are here- 
under described as 7. tasmanica. 

There are two specimens, from Victoria, one in the National Museum and one in 
the Lea Collection, that agree very well with Erichson’s description, except that the 
antennal club is 4-segmented. They may be males of his species, unless it is synonymous 
with Anthrenocerus (Anthrenus) australis Hope, as suggested by Arrow, in which case 
the specimens, I have examined, are undescribed. 


TROGODERMA TASMANICA, nN. SD. 


Elongate-ovate, black, sub-nitid, sparsely clothed with comparatively short black 
setae, obscurely patterned with white setae, a crenulate premedial elytral fascia being 
the most noticeable mark, antennae and legs ferruginous, coarsely and confluently 
punctate, underside clothed with white pubescence. 

Pronotum widest just in front of base, this lightly bisinuate, medial lobe moderately 
wide, longer than usual and evenly rounded at apex, posterior angles not strongly acute, 
sides rounded at first, then narrowing towards and finally rounded to apex, oblique 
depressions wide and shallow, less coarsely punctate than elytra, white setae forming a 
dorsai cross almost obsolete at centre, four indefinite basal and two sub-lateral spots. 
Elytra slightly narrower than prothorax, three-fifths as wide as long, expanding slightly 
to and slightly narrowed behind shoulders, thence sub-parallel for two-thirds of length, 
then evenly rounded to apex, the premedial fascia, narrow and in four scallops, other- 
wise the white setae scattered in single units tending to form several longitudinal lines 
at base. Antennal club 3-segmented, loosely elongate-ovate, 1st and 2nd segments 
serrate and the terminal sub-ovate, stouter in ¢ and the terminal segment longer. 
Prosternal sulci wide and not deep though well defined. 

Size: 4 mm. x 1:8 mm.; 2:8 mm. x 1-5 mm. 

Hab.—Tasm. (A. M. Lea). 

Holotype and paratypes in the South Australian Museum, paratypes in the National 
Museum and the author’s collection. 

This species is readily distinguished from T. singulare Biackb. and T. adelaidae 
Blackb. by its larger size and much coarser puncturation and from the other Australian 
species, including 7. setulosum, n. sp., by its very close coarse puncturation and 
unifasciate elytra in combination.* 


TROGODERMA CARTERI, N. Sp. 


Elongate-ovate, fusco-piceous, sub-nitid, clothed with short, semi-erect fusco-piceous 
setae, elytra fuscous with a small castaneous indeterminate humeral spot on each, legs 
and antennae testaceous. 

Pronotum widest at base, this slightly bisinuate, medial lobe broad, short, sub- 
truncate, i.e., slightly incurved at apex, posterior angles acute, sides evenly rounded to 


* When preparing this paper for publication, I overlooked Megatoma tenuifasciata Reitt. 
(Verh. naturf. Ver. Briinn, xix, 1880 (1881), p. 36), of which I have, unfortunately, not seen 
the description. This Tasmanian species is probably a Trogoderma and may be conspecific with 
my YT. tasmanica as the name seems to suggest. TZ. tasmanica has rather the facies of a 
Megatoma. 
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apex, coarsely and confluently punctate, oblique depressions absent. Hlytra three-fifths 
as wide as long, base as wide as prothorax, widening very slightly to shoulders thence 
parallel for approximately two-thirds of length, then evenly rounded to apex, coarsely 
but not so closely punctate as pronotum, a slight elevation in centre of basal one-third 
ot each elytron. Antennae, 3rd to 5th segments moniliform, 6th to 8th serrate and the 
last three forming a loose club. Prosternal sulci wide, moderately deep, sub-triangular 
closed. 

Size: 3:75 mm. x 1:75 mm. 

Hab.—N.8.W.: Bogan R. (J. W. T. Armstrong). 

Holotype and paratype in the author’s collection. 

I am doubtful of the sex of the two specimens before me, but believe them to be 
females. The humeral spot distinguishes them from all Australian species, except 
T. reitteri Blackb. and that is a very different insect. I have named the species after the 
late H. J. Carter, whose help and encouragement enabled me to undertake this work. 


TROGODERMA LEAT, nN. Sp. 


Elongate-ovate sub-parallel, fusco-piceous, sub-nitid, clothed with long semi-erect 
tuscous and pallid setae, elytra fuscous with sides, suture and premedial fascia testaceous, 
legs and antennae ferruginous, club fuscous. 

Pronotum widest just in front of base, this moderately bisinuate, medial lobe wide 
and evenly rounded, sides quickly narrowed, then evenly rounded to apex, posterior angles 
not strongly acute, coarsely and closely punctate. Elytra three-fourths as wide as long, 
base narrower than prothorax, slightly expanding to shoulders, thence gradually 
narrowed for about two-thirds of length, then evenly rounded to apices, which show a 
tendency to be separately rounded, closely and more coarsely punctate than pronotum, 
striae visible as rows of irregular dark spots. Antennal club of ¢ elongate, loose, 
7-segmented, terminal segment much longer than wide, remainder moderately transverse; 
2, 5-segmented, elongate-ovate. Prosternal sulci not wide, moderately deep, open behind. 

Size: Length 2-6—2:-4 mm., width approx. 1:5 mm. 

Hab.—W. Aust.: Geraldton (A. M. Lea). 

Cotypes in the South Australian Museum and the author’s collection. 

Hight specimens of this very distinct species, in the Lea Collection of the South 
Australian Museum, are associated with 7. longius Blackb. and T. blackburni Lea in my 
tabulation. From the former, the antennal club not 4-segmented in either sex and its 
coarser puncturation sufficiently distinguish it, and the shorter form and less elaborate 
pattern are the most readily seen differences from the latter. It is at once distinguished 
from T. froggatti Blackb. by the 7-segmented, more loosely articulated club of the male. 

There are two specimens from King I. that seem to belong to this species. The elytra 
are darker and not light at the suture. 


TROGODERMA FROGGATTI Blackb. 
Trans. Roy. Soc. 8. Aust., xv, 1892, 34. 
Blackburn was uncertain as to the sex of the two specimens he described. The 
cotype in the South Australian Museum is a male, as the antennal club is 5-segmented 
in that sex. In the female it is 4-segmented and smaller. 


TROGODERMA TOLARNENSE Blackb. 


Trans. Roy. Soc. S. Aust., xxvii, 1903, 163. 

Specimens in my collection, from the Bogan R., New South Wales, agree well with 
the description of this species, of which there was no identified specimen in the South 
Australian Museum. The clouding of the elytra is frequently absent. 


TROGODERMA WHITEI, N. Sp. 


Hiongate-ovate, convex, Sub-nitid, fuscous, clothed with moderately long semi-erect 
fuscous setae interspersed with recumbent pale testaceous pubescence, elytra fusco- 
testaceous, legs and antennae testaceous, club fuscous. 

Pronotum widest at base, this moderately bisinuate, medial lobe wide and rounded 
at apex, less strongly transverse than usual, posterior angles acute and strongly retrose, 
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sides narrowing rapidly then evenly rounded to apex, moderately and closely punctate. 
Elytra as wide as prothorax but slightly narrower at base, two-thirds as wide as long, 
parallel for two-thirds of length, then evenly rounded to apex, coarsely and contiguously 
punctate, slightly rugose. Antennal club, 6-segmented, long, elongate-ovate, slightly 
serrate. (Prosternal sulci cannot be satisfactorily described without removing specimen 
from card.) 

Size: 2-5 mm. x 1:25 mm. 

Hab.—Central Aust.: Flat Rock Hole, Musgrave Ranges (Capt. S. A. White). 

Holotype unique in South Australian Museum. 

This species is nearest to T. tolarnense Blackb. from which it differs in being more 
elongate, less nitid, in having the elytra contiguously punctate, the medial lobe longer 
and the antennal club less strongly serrate. It also resembles T. occidentale Blackb., 
but the antennae are quite different and the elytral apices are not separately rounded. 


TROGODERMA RUFIPENNE, DN. Sp. 


Sub-ovate, black, nitid, clothed with semi-erect fuscous pubescence, elytra 
ferruginous, medially clouded near base on some specimens, legs and antennae fusco- 
testaceous. 

Pronotum widest at base, this very slightly bisinuate, posterior angles acute, medial 
lobe broadly rounded, sides converging uniformly at first, then evenly rounded to apex, 
closely and lightly punctate, oblique depressions slight. Elytra as wide at base as 
prothorax, widening to shoulders thence gradually narrowing for one-half length, then 
evenly rounded to apex, almost as wide as long, moderately and fairly closely punctate, 
striae visible as rows of dark spots in some lights. Antennal club of ¢ 3-segmented, 
elongate ovate; 9, 3-segmented narrower. Prosternal sulci wide, moderately deep, closed, 
inner margin evenly rounded. 

Size: 2:2 mm. x 1-4 mm., 1:75 mm. x 1 mm. 

Hab.—N.S.W.: Bogan R. (J. W. T. Armstrong). 

Cotypes in the South Australian Museum and the author’s collection. 

Thirteen specimens before me are readily distinguishable among Australian species 
by their small size and ferruginous elytra. The species is much brighter than 
T. lindense Blackb. and the club could not be taken as 5-segmented. The colour at 
once separates it from 7. exsul Blackb. 


TROGODERMA APICIPENNE Reitt. 


Deuts. ent. Z., xxv (1), 1881, 232.—T. baldiense Blackburn, Trans. Roy. Soc. S. Aust., 
Vals Owl Zila 

After examination of twenty-four specimens, mostly from the South Australian 
Museum, and careful consideration of the descriptions and Blackburn’s tabulation, I am 
unable to find any feature to separate JT. baldiense Blackb. from T. apicipenne Reitt., 
which is a widespread somewhat variable insect. The slight difference in the colour 
of the antennae, used by Blackburn in his tabulation, is insufficient when unsupported. 
Blackburn himself has suggested the synonymy (Trans. Roy. Soc. S. Aust., xv, 1892, 208). 
Among the specimens in the South Australian Museum is a fine colour variety from 
Cairns, Queensland. It has an additional lateral premedial red spot on each elytron. 


TROGODERMA ALPICOLA Blackb. 


Trans. Roy. Soc. 8. Aust., xiv, 1891, 124. 

From the description, it is difficult to separate this species from T. apicipenne Reitt.; 
however, the pronotum is less transverse, its medial lobe longer and the oblique depres- 
sions more pronounced. A specimen from North Queensland, in the South Australian 
Museum, agrees well with the cotype. 


STUDIES IN AUSTRALIAN EMBIOPTERA. 
PART V: GEOGRAPHICAL VARIATION IN METOLIGOLOMA REDUCTA DAVIS. 
By Consett Davis, M.Sc., Lecturer in Biology, New England University College. 
(Thirteen Text-figures. ) 


[Read 25th November, 1942.] 


Introduction. 


It has been noted (Davis, 1940, p. 156) that Metoligotoma reducta Davis occurs 
on the North Coast of New South Wales, and that specimens from that region differ 
from typical specimens in structure. No attempt has been made previously to describe 
and name these northern variants, since a large hiatus in records—between Port 
Macquarie and Broken Bay—has rendered impossible a proper correlation of the 
structural variation with geographical distribution. A series of males was recently 
collected at Myall Lakes, approximately half-way between Port Macquarie and Broken 
Bay, and it is now possible to describe two new subspecies of M. reducta. 

The type subspecies, M. reducta reducta, was described (Davis, 1936, p. 248) from 
Hleanora, near Narrabeen, New South Wales. It was later re-described with narrower 
limits (Davis, 1938, p. 227, Figs. 1-4), the following additional localities being listed 
for specimens agreeing in detailed structure with the type series (Davis, 1938, Map 1): 
Sydney (Lindfield, Mosman, and Sydney University Grounds); Kurrajong Heights; 
Otford; and Hardy’s Bay, Broken Bay. It has since been collected at National Park, 
not far north of the previous Otford record. The following points may be stressed from 
the previous description of the terminalia (Davis, 1938, Figs. 2-4): The posterior process 
of the right hemitergite of the tenth abdominal segment in the male is short, obtuse, 
and directed inwards; the inner process of this hemitergite is smooth in outline; the 
process of the left hemitergite ends in a blunt and rather short expansion; the outline 
of the left cercus is smooth and approximately pyriform in dorsal view; the structure 
usually referred to as the left cercus-basipodite is blunt, and is chitinized only distally 
and on the left. 


METOLIGOTOMA REDUCTA SUBTROPICA, N. Subsp. Figs. 1-6. 


Holotype ¢. Length 10 mm.; head 2:1 mm. x 1:8 mm. Colour as in the type 
subspecies, living specimens having the dorsal sclerites black to very dark brown, dull, 
the sternites dark brown, paler medially in the anterior abdominal region, the segments 
of the antennae and cerci light brown, those of the legs dark brown with obvious pale 
areas near the joints. Head outline as in the type subspecies; antennae 16-segmented, 
length 3-2 mm., apparently complete. Terminalia (Figs. 1-3) differing from the type 
subspecies in the posterior process of the right hemitergite, which is shorter and less 
incurved; the inner process of the right hemitergite, which has its antero-medial angle 
prolonged to a thin, obtuse lobe; the termination of the process of the left hemitergite, 
whose expanded portion is longer and thinner, and regularly ovate; the left cercus, 
which is less smooth in outline, having a blunt lobe on the inner face in the distal 
third; and the left cercus-basipodite, which is more slenderly tapered. 

Six other males were secured from the same colony as the holotype. The size 
limits are: Length 8-11 mm.; head 1:4—2-2 mm. x 1:1-1:9 mm.; antennae with up to 
18 segments. In one of these, the terminalia are indistinguishable from the holotype; 
in two others, the terminalia differ from the holotype only in having the distal expansion 
of the process of the left hemitergite a little shorter; in the fourth, the terminalia agree 
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with those of the holotype except that the outline of the left cercus is a little smoother. 
The fifth has the left cercus much smoother in outline (Fig. 4), but otherwise agrees 
with the holotype; the sixth has the left cercus (Fig. 5) somewhat different and the left 
cercus-basipodite (Fig. 6) subacute. 
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Figs. 1-3.—WMetoligotoma reducta subtropica, n. subsp., holotype ¢%. 1. Terminalia from 
above, x 33. 2. Process of left hemitergite from above, extremity raised to same level as base, 
x 33. 3. Terminalia from below, x 33, all membraneous parts, whether melanized or not, 
shown as black. 


Fig. 4.—Metoligotoma reducta subtropica, n. subsp., & from same colony as holotype, left 
cercus from above, x 33. 

Figs. 5-6.—Metoligotoma reducta subtropica, n. subsp., & from same colony as holotype. 
5. Left cercus from above, x 33. 6. Left cercus-basipodite from below, x 33. 

All figures based on camera lucida outlines; setae omitted. 

8, 9, eighth and ninth abdominal tergites; 10L, 10R, left and right hemitergites of tenth 
abdominal segment; 10LP, process of 10L; 10RP,, 10RP,, posterior and inner processes of 10R; 
RC,, RC,, first and second segments of right cercus; LC, one-segmented left cercus, broken line 
representing demarcation between two fused larval segments. 


The male terminalia of this subspecies show in some respects a superficial structural 
approach to M. illawarrae illawarrae Davis (Davis, 1938; cf. Figs. 6-8), but it is 
unlikely that this indicates any true relationship. The range of M. illawarrae illawarrae 
is more or less coastal, and extends from Jervis Bay to Broken Bay, in which latter 
locality it occurs in the field beside M. reducta reducta without any trace of inter- 
gradation. In other respects, especially the left cercus, M. reducta subtropica resembles 
M. begae (far South Coast of New South Wales), a species which is considered to be a 
close ally of M. illawarrae illawarrae. 

Allotype 9. Length 12 mm.; head 1-5 mm. x 1:2 mm.; larviform, and apparently not 
distinguishable from the females of other species of the genus. 

Locality.—Crescent Head, near Kempsey, N.S.W., 13.viii.39, C. Davis coll.; colonies 
in mats of dead leaves below trees of Banksia integrifolia Linn. f. All specimens in the 
Macleay Museum, University of Sydney. 


METOLIGOTOMA REDUCTA ACUTA, n. Subsp. Figs. 7-9. 


¢. Length 6:5-10:0 mm.; head 1:2-2:1 mm. x 1:0-1:8 mm.; colour as in the two other 
subspecies. Structure of head as above, some capsules almost larviform by hysterotely. 
Antennae with up to 19 segments, maximum length observed 4:0 mm. Terminalia 
(Figs. 7-9, holotype) with the posterior process of the right hemitergite as in M. reducta 
subtropica, but the inner process smoother, although not as smooth as in the type 
subspecies. Process of left hemitergite differing from both the other subspecies (i.e., 
from populations to the north and to the south) in having an acute termination bent 
to the left. Left cercus smooth in outline, but with the inner margin straighter than 
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in M. reducta reducta, Lett cercus-basipodite slender, tapered, subobtuse, rarely almost 
acute. Twenty-one males examined in detail. 
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Figs. 7-9.—Metoligotoma reducta acuta, n. subsp., holotype ¢, corresponding structures and 


magnification to Figs. 1-3. 

Figs. 10-11.—MWMetoligotoma vreducta acuta, n. subsp., & from Port Macquarie showing 
structural approach to MW. reducta subtropica. 10. Process of left hemitergite from above, 
extremity raised to same level as base, x 33. 11. Left cercus from above, x 33. 

Figs. 12-13.—Metoligotoma reducta acuta, n. subsp., &@ from Mingaletta, near Kempsey, 
showing structural approach to M. reducta subtropica. Corresponding structures and magnifica- 
tions to Figs. 10-11. 


©. Length 8-10 mm.; head 1:3-1-7 mm. x 1:0-1:'3 mm.; antennae with up to 16 
segments, maximum length observed 2:0 mm. Larviform, as above. Ten females 
examined. 

Locality—Mungo Brush, Myall Lakes, 5.ix.41, C. Davis coll.; colonies amongst 
fallen leaves. Holotype 0, allotype 9, paratype males and females, Macleay Museum. 

The following specimens, which fall within the size limits of the type series, are 
referable most closely to this subspecies: 

6 from Port Macquarie (15.viii.39, C. Davis coll.), with the process of the left 
hemitergite (Fig. 10) acute, the termination bent to the left less than in the type 
specimens; the left cercus (Fig. 11) more irregular in outline; and the left cercus- 
basipodite less slenderly tapered. In these characters the specimen is intermediate 
between M. reducta acuta and M. reducta subtropica; in other respects, e.g., the inner 
process of the right hemitergite, it agrees with the type series of the former. 

Two males from Mingaletta, near Kempsey (15.viii.39, C. Davis coli.), with the 
process of the left hemitergite (Fig. 12) similar to the Port Macquarie specimen, the 
left cercus (Fig. 13) and cercus-basipodite also rather similar, and otherwise agreeing 
with the type series of M. reducta acuta. 

These specimens have been placed in the Macleay Museum. 

Further search in localities in the Kempsey district would probably reveal additional 
intermediates between the subspecies M. reducta subtropica and M. reducta acuta. It is 
considered likely that the area between Myall Lakes and Broken Bay will prove to be 
a zone of gradual structural transition between M. reducta acuta and M. reducta reducta. 
Subspecific nomenclature, the mark of intergrading geographic races, has accordingly 
been applied. 


Key to the Subspecies of Metoligotoma reducta. 


On the earlier specific key (Davis, 1938, p. 250), all subspecies will run down to M. reducta, 
no specimen having a true spine on the tip of the left cercus-basipodite as in M. illawarrae 
illawarrae. The subspecies may be separated on the male terminalia, as follows: 
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1. Termination of process of left hemitergite of tenth abdominal segment acute .............. 
a bee atpobioul ad ayvtaiss Yona et ab/aneGel vara ye geratie rsbcilons seths usttellousiteUnaions Baron ar epee ne Relea isu cata specs M. reducta acuta, n. subsp. 
Nermination of process) of left) hemitersrteObEWSe:: irri oicueicicysioncusicusieneneisieneneneoieieieeene ene 2 
Left cercus irregular in outline in dorsal view, typically with a swelling on the inner fdce in 
the distal third; anterc-medial angle of inner process of right hemitergite produced to a 
tAPEFEAMPLOCESSMnas Rese emoaee ctr cietie weoaeme ene miCCeeneie Pneckeme sete M. reducta subtropica, n. subsp. 
Left cercus smooth in outline in dorsal view, approximately pyriform, with no lobe cn the 
inner face; inner process of right hemitergite smooth in outline ...................... 
ar idhidy fate sa ae Raemre tye elie Sun amet teh eease oC ARE Oa ane ot alg SU aU (ra ec cle ar Ra e Oaar ae eS M. reducta reducta Davis 
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CYTOLOGICAL STUDIES IN THE MYRTACEHAR. 
I. MICROSPOROGENESIS IN SEVERAL GENERA OF THE TRIBE LEPTOSPERMOIDEAE. 
By S. Smiru-WuitTer, B.Sc.Agr., Technological Museum, Sydney. 
~ (Communicated by Professor Hric Ashby.) 
(Plate xi; twenty-two Text-figures. ) 


[Read 25th November, 1942. ] 


Information on the cytology of the Myrtaceae is very meagre. This may be due 
partly to the difficulties inherent in the material, and partly to the fact that only in 
Australia does the tamily constitute a dominant and important section of the indigenous 
flora. 

McAulay and Cruickshank (1937) have determined the chromosome numbers in 
certain Tasmanian species of Hucalyptus, and have outlined the male meiotic cycle in 
these species. To the author’s knowledge, however, no other work has been published 
on the cytology of the family. Systematists such as Blakeley (1934) and Maiden 
(1909-1929) have stressed the importance of hybridization in Hucalyptus, and have 
suggested that many of the recognized species are of hybrid origin. Brett (1937) 
has classified Tasmanian Eucalypts into several groups according to the status of the 
species—simple and compound Linnean species, polymorphic species, and first generation 
hybrids. It is doubtful whether the latter deserve specific rank. Lawson (1930) 
has discussed the origin of the Australian flora from the view-point of the high percentage 
of endemism which occurs, and concludes that many features, particularly the high 
degree of pollen and seed sterility found in the Myrtaceae, Proteaceae and other 
dominant families, indicate the extensive occurrence of hybridism in its development. 
If such hybridism has occurred, evidences of it should be found in the chromosomes and 
in irregularities of behaviour at meiosis. 


MATERIALS AND METHODS. 


Table 1 presents details of the species which have been studied, the nomenclature 
adopted being that of Blakeley (1934) for Hucalyptus, and of Maiden and Betche (1916) 
for the other genera. All the species belong to the tribe Leptospermoideae. The three 
species of Angophora are the most common representatives of that genus on the sand- 
stone country in the vicinity of Sydney. As they often occur intermixed, and as their 
flowering periods overlap, some hybridization should be expected. Several suspected 
hybrid forms have been seen, besides the form which has been examined which has the 
general characters of A. cordifolia, but differs in the less glandular buds, and the shortly 
but distinctly petiolate leaves. Amongst the representatives of Eucalyptus, members of 
several of the main series are included. JH. ficifolia and HL. ficifolia var. Gwilfoylei (series 
Corymbosae-peltatae) are Western Australian species which have been extensively planted 
around Sydney. The latter is reputed to be a garden hybrid between HE. ficifolia and the 
closely related FE. calophylla, and shows considerable variation particularly in flower colour. 
E. gummifera (Syn. E. corymbosa) (Corymbosae-peltatae) is an eastern species which, 
at least in the district studied, is an isolated member of its series. It is a relatively 
uniform species. EH. incrassata (Dumosae) belongs to the Western Australian mallees. 

EE 
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TABLE 1. 


Details of the Material. 


No. of Availability 
Species. Locality. Original Source. Plants of 
Examined. Material. 
Angophora intermedia DC... Gordon, N.S.W. Wild. 4 Oct.-Nov. 
A. lanceolata Cav. Gordon, N.S.W. Wild. 2 Oct.-Nov. 
A. cordifolia Cav. .. Gordon, N.S.W. Wild. 5 Oct.-Nov. 
A. cordifolia X. AG .. Gordon, N.S.W. Wild. 1 October. 
Eucalyptus gummifera Sm. Gordon, N.S.W. Wild. 3 January. 
E. ficifolia F.v.M. .. Gordon, N.S.W. Cultivated W. Aust. species. 1 December. 
é Seed source unknown. 
E. ficifolia var. Guilfoylet Bail. Gordon, N.S.W. Cultivated W. Aust. species. 2, Nov.-Dec. 
Seed source unknown. 
E. incrassata Labill. Botanic Gardens, Cultivated W. Aust. species. 1 January. 
Sydney. 
E. haemastoma Sm. .. .. Gordon, N.S.W. Wild. 2 Dec.-Jan. 
E. sideroxylon (A. Cunn.) Lindfield, N.S.W. Avenue trees. Seed source 4 Jan.-Mar. 
Benth. unknown, 
E. paniculata Sm. Gordon, N.S.W. Wild. iL March. 
E. dives Sch. (normal) Lindfield, N.S.W. Cultivated 4 yr. old tree. 1 December. 
: Seed from Braidwood, 
N.S.W. 
E, dives var. A. Lindfield, N.S.W. Cultivated 3 yr. old tree. 1 December. 
Seed from Officer, Victoria, i 
E. dives var. C. Lindfield, N.S.W. Cultivated 3 yr. old tree. 1 December. 
Seed from Tumbarumba, 
N.S.W. 
Tristania conferta R.Br. Gordon, N.S.W. Cultivated avenue trees. 3 November. 
Seed source unknown. 
Backhousia citriodcra F.v. M. Gordon, N.S.W. Cultivated garden tree. Seed 1 November 
: source unknown. 
Leptospermum citratum Chall., Lindfield, N.S.W. Cultivated 4 yr. old tree. 1 December. 
Cheel and Penf. Seed from Copmanhurst, 
N.S.W. 
L. citratum Lindfield, N.S.W. Cultivated 3 yr. old tree. 1 December. 
Seed from Brebi I., Queens- 
land. 
Callistemon linearis DC. Gordon, N.S.W. Probably cultivated. Seed 2 Mar.- Apr. 
source unknown. 
C. lanceolatus DC. Gordon, N.S.W. Cultivated. Seed source 1 Mar.-Apr. 
unknown. 


E. haemastoma (Psathryoxylon) occurs together with several closely related species on 
the sandstone country of coastal New South Wales. JH. sideroxylon var. rosea and 
EK. paniculata (Siderophloiae) are ‘“Ironbarks”, and the former, which has been 
extensively planted for ornamental purposes, shows very conspicuous variation in flower 
colour, leat shape, glaucousness and other characters, and is possibly of hybrid origin. 
EH. dives (Piperitales) is an eastern tableland species which Penfold and Morrison (1927) 
have shown to occur in several distinct varieties, differing mainly in the nature of their 
essential oils. A great deal of hybridization seems to have taken place in this series, 
and species determination is often very difficult. 

Tristania conferta is a uniform species, representative of a small genus of brush 
forest trees, which also has been extensively planted for street purposes. Backhousia 
citriodora and Leptospermum citratum are species of restricted distribution, producing 
essential oils of commercial value. The latter is closely related to, and possibly recently 
derived from, L. flavescens. Recently Penfold et al. (1942) have reported the occurrence 
of two forms of L. citratum differing markedly in oil characteristics. 

Callistemon lanceolatus and C. linearis are “Bottlebrushes’”, several species of which 
are cultivated as garden shrubs, and which are known to be interfertile. 

The studies herein reported were made on meiotic division in the microspore mother 
eells. The study of somatic mitosis in root tips, leaf buds, and young anther tissue 
offers difficulties owing to the small size of the somatic nuclei and the crowding of the 
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chromosomes, but in a few cases confirmation of chromosome numbers from such 
material has been made. 

In some preliminary work on microsporogenesis, material was fixed in Flemming 
and Navashin type fixatives, and sectioned by a paraffin technique, but a modified 
acetocarmine smear method was found to give equivalent results and has been generally 
adopted. Direct acetocarmine smears according to the method of Belling (1930) gave 
unsatisfactory results, apparently owing to the presence of tannins or resinous substances, 
which appeared to cause a heavy precipitation of the stain in the cytoplasm, and also 
to the presence of numerous minute oil globules which obscured details. Following 
Thomas (1940), premordanting was combined with prefixation in Farmer’s acetic alcohol 
by saturating the glacial acetic acid used with carmine and adding ferric acetate until 
this solution assumed a rich wine colour. It was found necessary, however, to remove 
gummy and resinous substances by first fixing the material in ordinary fixative before 
using the premordant. In changing the material from the ordinary fixative to the 
premordant, brief immersion in a mixture of absolute alcohol and hydrochloric acid 
(2:1) was found to be an advantage, aiding the removal of resinous substances and 
facilitating later smearing. 

The schedule finally adopted is set out briefly hereunder: 

1. The anther masses are cut out, as illustrated in Figure 1, and are immediately 
dropped in ordinary Farmer’s acetic alcohol (1:3) for 2 to 3 hours. If the 
fixative becomes heavily coloured with extracted resinous substances, it 
should be changed after 30 minutes. 

2. Transfer for 5 to 10 minutes to a mixture of absolute alcohol and hydro- 
chloric acid (2:1). 

3. Transfer to carmine-acetic-alcohol, made up according to Thomas’ method. 
The buds should remain in this fluid for at least 2 hours, but preferably 
overnight. 

4. Smear a few anthers in iron acetocarmine, cover, warm, and seal. The 
optimum amount of iron in the acetocarmine must be determined for each 
species and each sample of carmine. Usually less iron than that indicated 
in Belling’s formula is required. 

Material fixed at 10 a.m. has given good metaphase I and later stages, but good early 
prophase I stages are not obtained owing to the severity of the fixative. In buds at a 
Suitable stage of development, all meiotic stages may be obtained. The reduction 
division first occurs in the anthers on the outer filaments, or in the anther mass as they 
are folded in the bud—at (a) Figure 1—and follows progressively towards the centre of 
the flower. When anthers at (a), Figure 1, show fully-formed microspore nuclei, anthers 
at (b) may show second division stages, and anthers at (c) may be in stages as early 
as prophase I. The divisions do not occur uniformly in the one anther, but show a 
gradation from base to apex in each locule. 


c : @ © : i F n aid 4 
Fig. 1.—Diagrammatic longitudinal sections of buds of E. gummifera to illustrate method 
of cutting, and incidence of meiosis. Approx. x 6. op., operculum; r., rim; ps., pistil; ai., 
\ 
anthers. See also text. a 
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Drawings were made with a 2 mm. apochromatic objective and a 20X compensating 
eye-piece, using an Abbe camera lucida, giving magnification at bench level of 3,350. 
Photographs are at an approximate magnification of 2,000. 


THE MEIOTIC CYCLE. 


The general behaviour at meiosis in the microscope mother cells appears very 
similar in all the genera studied. After the last premeiotic mitosis the cells undergo a 
period of development. The considerable increase in the size of the nuclei, which occurs 
during this period and which continues during early prophase I, is possibly simultaneous 
with an increase in their chromatin content. The degree of increase in size is indicated 
by the average diameter of the nuclei, 5-7u for resting nuclei and 10-124 for nuclei at 
late prophase I. 

The nuclei are of the vesicular type, described by Manton (1935). A single large 
nucleolus may be placed either centrally, or more often markedly to one side (Pl. xi, 
NSS Mls) s 

A detailed study of prophase I development has not been made, owing to the 
unsuitability of the technique adopted, but this development appears normal. At 
pachytene and diplotene, the occurrence of chiasmata has been observed, and in 
E. gummifera chiasmata may vary from 1 to 3 per chromosome pair. Throughout 
prophase I the chromosomes contract, until at diakinesis they have become closely 
paired short-oval to spherical bodies arranged near the surface of the nucleus 
(Pl. xi, fig. 14). By this time the chiasmata appear to be completely terminalized. 

Transition to metaphase I is normal, and this stage has proved most satisfactory for 
the purpose of chromosome counts. In all the species studied the haploid number of 
n=11 has been found, with no evidence of polyploidy, although some secondary associa- 
tion of the chromosomes is general. The chromosomes show only slight differences in 
size, Measuring 0:9-1:3u in length, and only rarely is it possible to identify a particular 
bivalent. 

Separation of the chromosomes at anaphase I is normal, with terminalized chiasmata 
at one or both ends. The occasional failure of terminalization with resultant lagging or 
non-disjunction is discussed later. In the transition from anaphase I to telophase I the 
chromosomes become bunched into a mass (PI. xi, fig. 6) before opening up to form the 
interphase nuclei. 

The chromosomes do not appear to lose their identity during the interphase, which 
is apparently of short duration, and in the subsequent division the chromosomes do not 
regain their full mitotic length. 

Particularly during anaphase I in L. citratum and B. citriodora, two peculiar bodies 
lying in the cytoplasm on either side of the spindle (Fig. 22) have been observed, and 
it is possible that these occur also in the other genera. The origin and behaviour of 
these bodies have not yet been studied, but they are possibly the structures described 
by Castetter (1925) in Melilotus and by Beard (1937) in Hchinocereus. 

At the commencement of prophase II the chromosomes are more or less evenly 
distributed over the surface of the two nuclei, but they soon come to lie on the surface 
of each nucleus internal to the cell, giving the “saucer” stage described by McAulay 
and Cruickshank (1937). This behaviour is most conspicuous in Hucalyptus and 
Angophora, is less evident in Tristania, and is not apparent in Leptospermum or 
Backhousia. The double nature of the chromosomes is now evident, and the attach- 
ments appear median or submedian. Following this stage, the membranes and nucleoli 
are absorbed and at metaphase II the chromosomes become arranged on their respective 
spindles, which may lie in the same plane or at right angles to one another. Telophase II 
and the reorganization of the microspore nuclei are normal. Cytokinesis does not occur 
until after the reorganization of the microspore nuclei. 


SPECIAL FEATURES IN MEIOSIS. 

Most important among irregularities in chromosome behaviour during microsporo- 
genesis are secondary pairing and the occurrence of non-disjunction and lagging at 
anaphase J, apparently due to the failure of terminalization of chiasmata. The occur- 
rence of a proportion of aborted pollen in some of the species may be due to this fact. 
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Figs. 2-22. 


All drawings have been made with the camera lucida from acetocarmine preparations. 
Figure 12 has been reduced to a magnification of 1,700 diameters. The others are all at 3350 x 

Figs. 2-11.—Chromosome complements at metaphase I. 2.—Hucalyptus ficifolia var. 
Guilfoylei. 3.—E. gummifera. 4.—E. haemastoma. 5.—H. dives var. A. 6.—Callistemon 
lanceolatus. 7.—Tristania conferta. 8.—Angophora lanceolata. 9.—A. cordifolia. 10.— 
Backhousia citriodora. 11.—Leptospermum  citratum. Fig. 12.—Secondary pairing in #. 
gummifera. Fig. 13.—Chromosomes of H. dives spread by pressure on the slide. Fig. 14.— 
Failure of pairing at metaphase I in L. citratum. Figs. 15-18.—Non-disjunction and lagging at 
anaphase I. 15.—EH. ficifolia var. Guwilfoylei. 16.—A. cordifolia. 17 and 18.—UL. citratum. 
Fig. 19.—Chromosome bridge at anaphase II in B. citriodora. Fig. 20.—Simultaneous lagging at 
anaphase JI in B. citriodora. Fig. 21.—Precocious separation of chromosomes at anaphase I in 
L. citratum. Fig. 22.—Cytoplasmic bodies in B. citriodora. 
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There is also a rare failure of pairing between the individual chromosomes of a bivalent 
pair, with consequent precocious separation at anaphase I. 


Secondary Pairing. 

The occurrence of secondary association has already been mentioned. This associa- 
tion reaches a maximum of four pairs of bivalents, but is variable in the different species, 
and in some the occurrence of triple groupings and irregular associations makes the 
phenomenon more difficult of interpretation. The degree of secondary pairing in 
E. gummifera is given in Table 2. This species shows a minimum of irregular association 
and constancy in meiotic behaviour. In H. dives and EH. haemastoma, and in Angophora 
spp., Backhousia and L. citratum irregular associations are common, and it is noteworthy 
that in all of these species hybridization with related and associated species has been 
possible, and is suspected. Tristania conferta shows a constancy equivalent to that of 
E. gummifera. 


TABLE 2, 
Frequency of Secondary Pairing in E. gummifera. 


Number of Secondary Observed 
Pairs. Frequency. 


i =) 
On 


He Oo 
an 
Or 


Total aD a0 56 


This general occurrence of secondary pairing suggests the derivation of the normal 
haploid chromosome complement from an original basic set of seven, but it would appear 
that such derivation must be primitive, perhaps to the evolution of the whole family. 
Cytological examination of the most primitive genera in the family and of allied families 
is desirable. 


Non-disjunction and Allied Irregularities. 

Apparent failure of terminalization occurs with a variable frequency in the several 
species, causing a variable frequency of such irregularities as non-disjunction and 
lagging at anaphase J. In Table 3 this frequency is shown, whilst in two species of 
Angophora and in Tristania conferta no cases have been observed, but may occur rarely. 
Since the observations were made on material fixed during intervals of several months, 
under widely varying weather conditions, the figures are qualitative only, as various 
authors, such as Sax (1935) and Anderson and Sax (1936) have shown that temperature 
may affect chiasma formation and its dependent phenomena. 

In HE. dives lagging occasionally leads to the exclusion of chromosomes from the 
interphase nuclei, and such deficient nuclei probably degenerate. In L. citratwm the 
occurrence of lagging is most frequent, and often two bivalents in the one spindle show 
non-disjunction. This is consistent with the probably recent origin of the species, as 
judged by its occurrence and distribution in the field. 

Unexplained lagging at anaphase II occurs in L. citratum and B. citriodora, and 
such lagging is often simultaneous in the two spindles (Fig. 20). Insufficient data have 
been obtained to indicate its frequency or cause. 


Failure of Metaphase I Pairing. 


This is a rare occurrence and has only been observed in Leptospermum and 
Backhousia. It would lead to precocious separation at anaphase I, which has also been 
observed in these two species. It may be purely accidental, or due to a certain lack of 
homology between the chromosomes concerned. 
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TABLE 3. 


Frequency of Non-disjunction and Lagging at Anaphase I. 


- : Number of 
5, : Number of 
Species. fy Observed 
Observations. ae 
lrregularities. 
Angophora cordifolia Cav. ts 22 3 
Eucalyptus ficifolia var. Guilfoylet Bail. 43 ] 
Eucalyptus gunmifera Sm... a 385 1 
Eucalyptus dives var. A. : ah 50 5 
Backhousia citriodora F.v. M. ae 20 3 
Leptospermum citratum Chall., Cheel 72 11 
and Penf. 


SUMMARY AND CONCLUSIONS. 


1. A rapid method for the study ot meiosis, adapted to the Australian Myrtaceae, 
has been developed. The method is not suited to the study of early prophase I stages, 
but gives good results for other stages, and is particularly suited to chromosome counts. 

2. Using this method, a study has been made on material from thirty-eight plants, 
representing sixteen species and six genera of the tribe Leptospermoideae of the 
Myrtaceae. In the genus Hucalyptus, eight species, representing five series, have been 
examined. 

3. The haploid chromosome set in all species is eleven. The chromosomes are small 
and not well suited to the study of chromosome structure. 

4. The male meiotic cycle described by McAulay and Cruickshank for Hucalyptus 
has been confirmed and has been shown to apply to the other genera with only slight 
modifications. 

5. The occurrence of secondary pairing between bivalents at metaphase I suggests 
the derivation of the haploid chromosome set from a basic set of seven, but this deriva- 
tion is almost certainly primitive and requires additional evidence. Secondary association 
becomes irregular in those species in which hybridization is suspected. 

6. Chiasmata have been observed to a maximum of three per bivalent, and 
terminalization is normally complete. The occasional apparent failure of this terminaliza- 
tion, leading to non-disjunction and other irregularities, is possibly due to chromosome 
irregularities which have not yet been fully stabilized. The greatest degree of irregularity 
is found in those species, such as Hucalyptus dives, Leptospermum citratum and 
Backhousia citriodora, which on other grounds are presumably of the most recent origin, 
or which show the greatest degree ot suspected hybridization. Well-established species 
showing little natural variation, such as Hucalyptus gummifera and Tristania conferta, 
are most stable. 

7. Pairing of chromosomes at metaphase I rarely fails, and then only in those species 
showing a maximum of other irregularities. It may be due to a certain lack of homology 
leading to a reduction in chiasma frequency. 


EXPLANATION OF PLATE XI. 


All photographs are from acetocarmine preparations, and are at a magnification of 
approximately 2,000 diameters. 

1.—Prophase, E. ficifolia. 2.—EH. haemastoma. %.—Metaphase I, H. haemastoma, showing 
secondary association. 4.—Metaphase I, #. guwmmifera. 5.—Metaphase I, EH. dives var. A. 
6.—Telophase I, HH. haemastoma. The chromosomes are closely bunched prior to opening out 
into the interphase nuclei. 7.—Metaphase II, H#. dives. %.—Telophase II, FH. haemastoma. The 
eleven chromosomes can just be made out in one group. 9.—Metaphase I, A. cordifolia. 10.— 
Metaphase I in side view, A. cordifolia. The overlapping of the chromosomes makes their 
examination in this position impossible. 11.—Prophase II, showing the “saucer” stage, A. 
cordifolia. 12.—Metaphase II, A. cordifolia. 138-20.—Backhousia citriodora. 13.—Prophase If. 
14.—Diakinesis, showing the chromosomes arranged at the surface of the nucleus. 15.— 
Metaphase I. The cell has been pressed from its enclosing wall and the chromosomes are all 
sharply focused. 16.—Metaphase I showing secondary pairing. 17.—Anaphase I slightly in 
oblique view. 18.—Interphase nuclei in early prophase II. 19.—Metaphase II. 20.—Anaphase 
II. The two spindles here lie in the same plane. 
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GROUND DERRIS ROOT AS A MOSQUITO LARVICIDE. 
By G. Pasrirtp and A. R. Woopuitit, Department of Zoology, University of Sydney. 


[Read 25th November, 1942.] 


Introduction. 

The first reference to ground derris root as a mosquito larvicide, as far as can be 
ascertained, occurs in a private communication by Durham in 1902, mentioned by 
Gimlette (1923), in which he stated that derris powder, 1 in 40,000 parts and greater 
concentrations, was toxic to Culex sp. 

De Ong and White (1924) stated that derris powder sprinkled on the surface of 
the water killed 96% of mosquito larvae in 2-4 hours. 

Castillo (1926) allowed the coarser particles of a suspension of derris powder to 
fall to the bottom of a jar, separated mosquito larvae from this sediment by cheese-cloth 
and found that the maximum toxicity was obtained by using 3 grams of powder per 
1,000 c.c. of water. Both weaker and stronger mixtures were less effective. This result 
is very difficult to understand, since the results reported in the present paper show a 
definite increase in toxicity with increased concentrations of derris. 

Twinn (1927) reported that in laboratory experiments, derris powder dusted on 
water at the rate of 3 lb. per acre gave a complete kill of mosquito larvae in 7 hours, 
and pupae in 24 hours. Field experiments, using 1 part of derris to 4 parts of French 
chalk at the rate of 13 lb. of derris per acre, gave a complete kill of Aédes vexrans Mg. 
larvae within 60 hours. 

Gibson (1928) stated that in laboratory experiments, derris at the rate of 15 lb. per 
acre gave 100% kill of Aédes sp. larvae and pupae in 22 hours and 5 days, respectively. 
Field experiments at the rate of 30 lb. per acre gave 100% kill of Culex pipiens Linn. 
larvae in 72 hours. The same author (1929) in further field experiments stated that 
derris at the rate of 5 lb. per acre was definitely unsatisfactory. It should be noted 
that the two previous authors took no account of the volume of the water, but merely 
estimated the surface area. 

Wille et al. (19387) stated that cubé root containing 5% rotenone had no effect on 
the larvae of Anopheles pseudopunctipennis Theo. when used at a concentration at which 
it killed fish in 30 minutes. 

Roman and Nétien (1939) stated that derris powder dusted onto the surface of the 
water, at the rate of 2 milligrams per litre, killed larvae of Anopheles sp. in 3 days, but 
that a concentration of 10 milligrams per litre was ineffective when the powder was 
wetted and submerged. These authors also stated that the powder was only slightly 
toxic to the larvae of Culex sp. 

Mosquito larvae have been widely used in comparative toxicity tests for rotenone 
as compared with other insecticides, but in all such experiments extracts containing 
rotenone and other derris products were used and not derris powder. 

The experiments reported in this paper were undertaken to determine whether 
derris could be used effectively under certain conditions as a control for the larvae of 
Australian species of mosquitoes. 


Material and Methods. 


The method of breeding the larvae for this work was similar to that used by 
Woodhill (1936). Except where otherwise stated, early 3rd instar larvae were used 
in each experiment. 

The composition of the derris powder used was: 

Notalwmextractiblemniatterua ses miu -l-ielmrcemelmevenlhy (elcome teats O87 
Rotenone SP aaarR os eee VMN ok lore UR SEMAN oy Daccicis) letecstae iets 3°8% 
FF 
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The weighed amounts of derris powder were first thoroughly wetted and mixed with 
1,000 c.c. of tap-water. This was then divided as evenly as possible between 4 flat- 
bottomed dishes of approximately 300 c.c. capacity. To each dish was then added 
0:04 gm. of well-wetted fish food and yeast (Woodhill, 1936). By means of a small 
pipette, 25 larvae were then transferred from the stock lot to each dish, making a total 
of 100 larvae used for each concentration of material. 

The temperature was maintained at 80°F. and the humidity varied between 70-80%. 
The maximum time allowed for a kill was 48 hours, but the times given for the mortality 
in each table of concentrations do not represent the exact length of time taken for that 
percentage mortality. 


EXPERIMENTS AND RESULTS. 

Experiment 1—To determine the toxicity of different concentrations of. ground 
derris root in aqueous suspension, and possibly solution, plus a standard amount of fish 
food and yeast, to 8rd instar larvae of Culex (Culex) fatigans Wied. The results, as 
set out in Table 1, show that the minimum concentration of ground derris root necessary 
to give 100% mortality within 48 hours was 0:01 gm./1,000 c.c. 


TABLE 1. 
Time, Mortality, Time, Mortality, 
Concentration. Hours. % Concentration. Hours. % 
(a) 0-2 gm./1,000 c.c. .. ae 17 100 (a) 0:02 gm./1,000 e.c. Rs 21 100 
(b) 0:2 gm./1,000 ¢.c. .. Be 4 100 Control re Ta be 48 1 
Control ee als ss 48 0 (b) 0:02 gm./1,000 e:c. ae 8 100 
Control whe We os 48 0 
(a) 0-1 gm./1,000 c.c. .. as 17 100 (a) 0:01 gm./1,000 e.c. Be 48 99 
(b) 0-1 gm./1,000 c.c. .. os 4 100 (b) 0-01 gm./1,000 c.c. Bs 39 100 
Control EtG Ai5 a 48 0 (c) 0:01 gm./1,000 c.c. oe 30 100 
(d) 0-01 gm./1,000 c.c. 5 25 100 
-——- Control ot ie we 48 0 
(a) 0-05 gm./1,000 c.c. .. ee 15 100 = 
Control ate irs ae 48 1 0-009 gm./1,000 c.ec. .. les 48 89 
(b) 0-05 gm./1,000 c.c. .. a 10 100 Control .. ne Se aes 48 0 
Control ae any a 48 0 
0-007 gm./1,000. cc. . . aye 48 82 
a Control .. Ae on 25: 48 0) 
(a) 0:04 gm./1,000 c.c. .. ne tf 100 
Control es oe He 48 1 0-006 gm./1,000 c.c. .. ae 48 80 
(6) 0-04 gm./1,000 e.c. .. tah 10 100 Control .. Bs ae aa 48 0 
(c) 0:04 gm./1,000 c.c. .. Bs 4 100 
Control ey “ite SiG 48 0 (a) 0:005 gm./1,000 c.c. a 48 4] 
(6) 0-005 gm./1,000 e.c. we 48 70 
Control i aes an) 48 0 


There was 100% mortality in concentration (a) 0:01 gm./1,000 ¢.c. after 56 hours. 
Experiment 2.—To determine the toxicity of different concentrations of ground 
derris root in aqueous Suspension, and possibly solution, without the addition of any 
fish food and yeast, to larvae of Culex (Culex) fatigans Wied. The results, which are 
set out in Table 2, indicate that a certain ratio exists between the amount of food present 


TABLE 2. 
Time, Mortality, Time, Mortality, 
Concentration. Hours. % Concentration. Hours. % 
0-01 gm./1,000 ¢.c. A ae 18 100 0-008 gm./1,000 c.c. .. es 18 100 
Control (no food) oe me 48 0 Control (no food) airs Ae 48 0 
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and the percentage mortality and also between the amount of food present and the time 
taken for 100% mortality (see Phillips and Swingle, 1940, and compare these results 
with those in Table 1). 

Experiment 3.—To determine the toxicity of concentrations of ground derris root in 
aqueous suspension, and possibly solution, plus a standard amount of fish food and 
yeast, to Ist, 2nd and 4th instar larvae of Culex (Culex) fatigans Wied. The results, 
which are set out in Table 3, show that derris is toxic to all the instars tested, and the 


minimum concentration for 100% mortality within 48 hours rises with each succeeding 
instar. 


TABLE 3. 
Time, Mortality, 
Concentration. Instar. Hours. % 
0:02 gm./1,000 cc... ae 4th 10 100 
Control] .. As Af ae 0 48 0 
0-008 gm./1,000 c.c. .. ae 2nd 20 100 
Control .. its a se 50 48 i) 
0-006 gm./1,000 c.c. .. te Ist 7 100 
Control .. é fee af 48 0 


a 


Experiment 4.—Three weights of derris powder, 0:05 gm., 0:02 gm. and 0:01 gm., 
were each thoroughly wetted and mixed with 1,000 c.c. water by mixing in a bottle on a 
revolving machine for 24 hours. Each mixture was then filtered through a Whatman 
No. 1 chemical filter-paper in a suction filter pump. The toxicity of the filtrates of these 
three concentrations of ground derris root, plus a standard amount of fish food and yeast, 
to 3rd instar larvae of Culex (Culex) fatigans Wied., was then determined. The results, 
which are given in Table 4, are interesting in so far as they show that the filtrate is 
almost as toxic as the straight-out aqueous suspension, and possibly solution, of ground 
derris root. 


TABLE 4. 
Time, Mortality, 

Concentration. Hours. % 

0-05 gm./1,000 c.c. .. ee 15 100 
Control ee Ate te: 48 0 
(a) 0-02 gm./1,000 c.c. oe 48 97 
(b) 0-02 gm./1,000 c.c. oe 20 100 
Control .. A: ce 48 0 
0-01 gm./1,000 c.c. .. Ae 48 91 
Control a Ae ae 48 0 


Experiment 5.—To determine the effect upon the toxic principle of ground derris 
root in aqueous suspension, and possibly solution, after standing for a time exposed to 
light, but not directly to the sun, to 3rd instar larvae of Culex (Culex) fatigans Wied. 
The same standard amount of fish food and yeast was used in each experiment and the 
concentration was allowed to stand for the required number of days before the larvae 
were introduced. Each concentration was examined at 24-, 36- and 48-hourly intervals, 
so that the times mentioned in Table 5 do not represent the exact time taken for the 
mortality shown. The results, as set out in Table 5, indicate that the toxicity of derris 
is slightly reduced by standing for 8 days or more. 
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TABLE 5. 
Time of 

Standing, Concentration. Time, Mortality, 

Days. Hours. 6 

2 0:02 gm./1,000 c.c. .. ans 24 100 

Control ss ae ie 48 0 

4 0:02 gm./1,000 c.c. .. as 24 100 

Control fae nti a) 48 0 

8 0-02 gm./1,000 c.c. .. 55 36 100 

Control ae 23 Be 48 0 

9 0-02 gm./1,000 c.c. .. fas 48 96 

Control eh ane os 48 0 


Experiment 6.—To determine the toxicity of different concentrations of ground 
derris root in aqueous suspension, and possibly solution, plus a standard amount of fish 
food and yeast, to early 8rd instar larvae of the salt-water mosquito, Aédes (Pseudo- 
Skusea) concolor Tayl., to see if salt-water adversely affected the toxicity of derris under 
such conditions. One hundred larvae used for each concentration, the salt-water being 
sea-water with a salinity of 35-5. From Table 6 it is evident that ground derris root 
gave precisely the same kill with larvae of A. (Pseudoskusea) concolor Tayl. in sea- 
water as with larvae of Culex (Culex) fatigans Wied. in freshwater. 


TABLE 6. 
Time, Mortality, 
Concentration. Hours. % 
0-02 gm./1,000 c.c. .. a 22 100 
Control Be an ted 48 0 
0-01 gm./1,000 c.c. .. 22 100 
Control ie i a 48 0 


Hxperiment 7.—A concentration of 0:04 gm./1,000 ¢c.c. was used in a rock pool at 
Harbord, Sydney, containing ist, 2nd, 3rd and 4th instar larvae and pupae of 
A, (Pseudoskusea) concolor Tayl., and three rock pools nearby were used as controls. 
The ground derris root was dispersed evenly through the pool by wetting the required 
amount of material in a bottle with sea-water from the pool and then distributing it 
evenly over the whole surface of the pool from whence it sank and dispersed through 
the water. 

There was some organic detritus in the pool. The weather was warm and sunny 
during the experimental period of 48 hours. 

At the end of this period the pool was examined. One hundred per cent. mortality 
of the larvae had resulted and most of the pupae were dead. There was no mortality 
in the control pools. 


DISCUSSION. 


It will be seen from these experiments that derris powder is an efficient larvicide 
against Culen (Culex) fatigans Wied. and Aédes (Pseudoskusea) concolor Tayl. and 
would possibly be just as effective against other species of Culex and Aédes. 

It should be noted, however, that the quantity of derris powder used must be ealeu- 
lated on the volume of water and not on the surface area. 

Although 0:01 gm./1,000 c.c. of derris gave a complete kill of larvae in the laboratory, 
it would be advisable to use 0:02 gm./1,000 c.c. of derris in the field. 

Preliminary field experiments only have been carried out and further work is 
desirable. It should be realized, however, that derris will destroy most other insects, 
crustaceans and fish in the water and that, in very strong concentrations, it may be fatal 
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to man and animals (Shepard, 1940). Although the chance of poisoning occurring as a 
result of treating water at the rate suggested is highly improbable, its use in drinking- 
water tanks is not recommended, since other methods of control can be conveniently used. 
According to Martin and Tattersfield (1939), rotenone rapidly loses its toxicity on 
exposure to sunlight, but no details are available as to its behaviour in this regard 
under Australian conditions. 

It is not contended that derris is likely to supersede oil or Paris green, but in certain 
circumstances it may be useful as an alternative method for treating particular types of 
breeding places. Its chief value lies in the certainty and rapidity of its action and the 
ease with which it may be transported and applied. There is considerable evidence 
(Twinn, 1927; Gibson, 1928) that it is also toxic to pupae, and preliminary work by 
the authors tended to confirm this, but the experiments were not extensive enough 
to enable definite conclusions to be drawn. Since, as indicated later, it has little or no 
harmful effect on bacteria, it could be used in sewage treatment works. 

Mr. J. M. Vincent, Lecturer in Bacteriology, School of Agriculture, University of 
Sydney, kindly carried out some tests of derris in relation to bacteria, and supplied the 
following note: “Derris root was tested at two final concentrations of 1/10,000 and 
1/20,000, against three organisms likely to be representative of the kind found in a 
septic tank, viz., Proteus vulgaris, Bacterium coli and Bacillus mycoides. However, 
derris controls, without any organisms added, showed such abundant growth as to mask 
completely the growth of the pure cultures which were added. For this reason it seems 
most unlikely that the suspension in the concentrations tested would have an inhibiting 
effect on bacteria. Derris added to MacConkey’s bile salt medium (which is rather 
selective for organisms that commonly inhabit the intestinal tract), still gives abundant 
growth and plenty of gas production. This would indicate further that some of the 
organisms introduced with the derris and growing vigorously in its presence are quite 
likely to be representative of the type likely to be developing in a septic tank. 
Additionally, it might be noted that it was just possible to detect an effect (detectable in 

spite of the vigorous spontaneous growth) due to Bact. coli added in pure culture to 
MacConkey’s containing both concentrations of derris.” 


SUMMARY. 


1. The minimum concentration of ground derris root which causes 100% mortality 
of early 3rd instar larvae of Culex (Culex) fatigans Wied. in 48 hours is 0-01 gm./1,000 c.c. 

2. When no food material is available the minimum concentration necessary for 
100% mortality is lowered, as is also the time taken for this mortality. 

3. Ground derris root is toxic to all instars of larvae of Culex (Culex) fatigans 
Wied.; the minimum concentration necessary for 100% mortality rising with each 
succeeding instar. 

4. The filtrate obtained by filtering a concentration of ground derris root, well 
shaken in water for 24 hours through a chemical filter-paper, Whatman No. 1, gives 
100% mortality in 20 hours in concentrations as low as 0:02 gm./1,000 c.c. 

5. A concentration of 0:02 gm./1,000 c.c. has been found to give 100% mortality in 
48 hours after standing for 8 days, but not exposed to direct sunlight. 

6. Ground derris root is just as toxic in sea-water to larvae of Aédes (Pseudoskusea) 
concolor Tayl. as it is to larvae of Culex (Culex) fatigans Wied. in freshwater. 

7. In a field test, using 0-04 gm./1,000 c.c. of ground derris root, in sea-water pools 
100% mortality of the larvae and a considerable mortality of pupae of Aédes 
(Pseudoskusea) concolor Tayl. were obtained in 48 hours. 
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THE OSSIFICATION OF THE BASISPHENOID AND PRESPHENOID BONES IN 
MELOPSITTACUS. 


By H. LEI@HtoN KESTEVEN, D.Sc., M.D. 
(Plates viii-x; two Text-figures.) 
[Read 25th November, 1942.] 


In two recent communications the writer (Kesteven, 1940, 1942) has set out evidence 
in favour of the view that the so-called parasphenoid of the Sauria is in reality only 
part of the cartilage-replacing basisphenoid bone. 

After the latter of the two works had gone to the press, Mr. M. Brennan presented 
me with three more stages in the development of Melopsittacus; these were the seven-, 
eight- and nine-day chicks. The eight-day chick presents the whole history of the 
development of the presphenoid, which, in the past, has been regarded as the vomer, 
and the basisphenoid bones.* This presentation of the whole history is, of course, due 
to the fact that the bone commences to develop beneath the pituitary fossa first of all, 
and then the process of ossification extends forward and laterally. One, therefore, finds 
right forward, at the anterior end of the septum intorbitale, that the ventral edge of 
the cartilage and its perichondrium show no trace of any of the changes which precede 
ossification. As the sections are studied, passing backwards, the earliest of those changes 
present themselves, and then the succeeding changes may be studied in the following 
sections. In this eight-day chick of the Love Parakeet the changes in question present, 
in almost diagrammatic clarity, the process of ossification which the writer described 
in the latter of the two papers referred to. 

In view of the importance of the question, affecting, as it does, in a fundamental 
manner, the interpretation of the bones on the base of the skull, not only of the Sauria, 
but also of the Theria, it has been thought well worth while to present this further 
evidence in support of the new interpretation of these bony lamellae on the base of the 
embryonic saurian skulls. 

Prior to the inception of any changes leading to ossification, the ventral edge of the 
septum intorbitale is essentially similar to the rest of the cartilage. The deeper portions 
are typical, rounded, embryonic cartilage cells; towards the surface the cells are oval in 
outline, with the long axis parallel with the surface; the outermost two or three layers 
are flattened. Outside these, and directly in contact with them, lies the perichondrium 
of two or three layers of flattened cells. With the inception of ossific changes the 
perichondrial cells against the ventrum and a little way up on each side of the cartilage 
enlarge and become oval to spherical. A little later in the process, or further back 
along the sections, a thickening of the perichondrium below the cartilage becomes 
manifest. This thickening is, with little doubt, due to proliferation of the perichondral 
cells (Pl. viii, fig. 1). The series of sections was stained with iron haematoxylin and 
counterstained with van Gisson’s picro-fuchsin. The cartilage has taken only the blue 
of the haematoxylin, but with a faint brown tinge in the nuclei of the cartilage cells. 
Connective tissue nuclei are stained a very dark blue, appearing almost black, and 
connective tissue fibrils are also deeply stained in the same way. The cytoplasm of 
the perichondrial cells is stained by the fuchsin, and their nuclei by a combination 
of the picric acid and haematoxylin, and these are brown in colour. There is, therefore, 
quite a marked contrast between the cartilage and its perichondrium. When the 
perichondrial cells increase in size this contrast becomes even more marked, because the 
affinity of their cytoplasm for the fuchsin gives them a reddish-violet colour. 


* The sections described below are in my own private collection, and are labelled 
“Budgerygar Ser. No. 2”. 
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Coincident with the early activity of the perichondrium, one observes the develop- 
ment of a lacuna, probably lymph filled, below the ventral edge of the cartilage. The 
outer wall of this lacuna appears to be formed by flattened connective tissue cells, but 
I have been unable to make quite sure that the cells in question are not the outermost 
layer of the perichondrium. At first this lacuna lies ventrally to the thickness of the 
perichondrium, but rapidly extends upward so that only a single layer of cells intervenes 
between it and the cartilage (Pl. viii, fig. 2). Almost at once further proliferation of the 
perichondrium results in the filling of the lacuna, and a ‘‘cushion” of perichondrial cells 
is developed along the ventral edge of the cartilage (PI. viii, figs. 3 and 4). 


an oa 


— Ot BEE 


—— ——  — 


Text-figs. 1 and 2. 


At first the whole of the cells in this cushion are similar to one another and are of 
the reddish-violet colour; soon, however, those centrally situated lose their affinity for 
fuchsin and take instead the yellow stain of the picric acid, and these cells, though 
larger, are not so closely packed as the others. 

At the same time the cells at the ventral periphery of the cartilage show the first 
changes of degeneration which precede replacement by bone, patches of them losing 
their regular outline. 
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These changes are soon followed by the appearance of the first bony spicules; these 
stain an intense fuchsin red and are found in the centre of the yellow-stained osteoblasts 
(Pl. viii, fig. 5). 

At first the osteoblasts in contact with the bony spicules present no obvious difference 
from the rest, but very soon the deposition of bone all round them imparts to them very 
definite outlines. A few of these definitely-enclosed cells are to be found almost from the 
LUGS Ua GLaleeavalilemtt een 5) ele dixe M127 16). 

The figures in Plates viii and ix have all been drawn to the same scale, and from 
these it is clear that the “cushion” steadily increases in depth as well as in width as the 
eartilage thickens. 

There is continuous proliferation of the osteoblastic cells to produce this increased 
size of the cushion, but in addition, as ossification proceeds, the osteoblastic tissue is 
invaded by vascularized connective tissue, the first appearance of the Haversian canals 
(PI. ix, fig. 7). With increasing formation of bone, more and more of the osteoblasts 
come to be completely enclosed, and the little clusters of these cells have a striking 
resemblance to cartilage. 

Meanwhile, the ventral portion of the cartilage has been undergoing further 
degeneration, the large majority of the cells are vacuolated and their cytoplasm and 
nuclei contracted and distorted. 

In Plate x, fig. 8, which illustrates the ventral portion of the intorbital septum, 
towards its posterior end where the two trabeculae are fused, the anterior end of the 
basisphenoid bone is illustrated; this section is cut just a little forward of the pituitary 
tossa. Here the process of ossification has progressed as far as it has gone in the eight- 
day chick. The ventral portion of the cartilage has undergone extensive degeneration. 
All the cells are now shrunken and distorted and lie in irregular, large rounded spaces 
in the partially-dissolved cartilaginous matrix. There are now present amongst the 
osteoblasts close to the cartilage a few large oval cells, with large nuclei, which have 
been regarded as chondroclasts. j 

Another feature of interest in this section is that one sees here the commencement 
of that loss of definition of the outer edge of the osteoblastic tissue and the invasion of 
the mesoblastic connective tissue by the osteoblasts, which was described in the previous 
papers. 

Text-figures 1 and 2 are purely diagrammatic, and are intended to show the extension 
of the ossification, in relation to the inner and outer surfaces of the walls of the pituitary 
tossa. There can be no doubt whatever that this is not a parasphenoid, but is quite 
definitely a basisphenoid ossification. 

No suture has been found between the presphenoid and basisphenoid ossification, nor 
was one expected. On the other hand, it has to be admitted that even if such a suture 
were present it would be exceedingly difficult to recognize in transverse sections. 
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ABSTRACT OF PROCEEDINGS. 


ORDINARY MONTHLY MEETING. 
25th Marcu, 1942. 


Mr. F. H. Taylor, F.R.E.S., F.Z.S., President, in the Chair. 

The Donations and Exchanges received since the previous Monthly Meeting (26th 
November, 1941), amounting to 22 Volumes, 244 Parts or Numbers, 30 Bulletins, 7 Reports 
and 22 Pamphlets, received from 81 Societies and Institutions, were laid upon the table. 


PAPERS READ. 


1. The Genus Pelecorhynchus (Diptera, Tabanoidea). Part ii. By I. M. Mackerras, 
M.B., Ch.M., B.Sc., and the late Mary E. Fuller, B.Sc. 

2. New Parasitid Mites from New Guinea. By Carl E. M. Gunther, M.D., B.S., D.T.M. 

3. Oxygen Economy of Cozrelmis novemnotata (King) (Coleoptera: Dryopidae). By 
Consett Davis, M.Sc. 


ORDINARY MONTHLY MEETING. 
29th Aprin, 1942. 


Mr. F. H. Taylor, F.R.E.S., F.Z.S., President, in the Chair. 

The President announced that the Council had elected Mr. T. C. Roughley, Professor 
J. Macdonald Holmes, Mr. R. H. Anderson and Dr. A. B. Walkom to be Vice-Presidents 
for the Session 1942-43. 

The President also announced that the Council had elected Dr. G. A. Waterhouse 
to be Honorary Treasurer for the Session 1942-43. ; 

The President referred to the death on 11th April of Dr. G. P. Darnell Smith, who 
had been a member of the Society since 1909. 

The Donations and Exchanges received since the previous Monthly Meeting (25th 
March, 1942), amounting to 5 Volumes, 48 Parts or Numbers, 3 Reports and 10 


Pamphlets, received from 42 Societies and Institutions and 1 private donor, were laid 
upon the table. 


PAPERS READ. 


1. Serological Studies of the Root-nodule Bacteria. ii. Strains of Rhizobium trifolit. 
By J. M. Vincent. 

2. Some New and Known Australian Parasitic Nematodes. By T. Harvey Johnston 
and Patricia M. Mawson. 

3. A Comparison of Factors affecting the Development of Three Species of 
Mosquitoes, Aédes (Pseudoskusea) concolor Taylor, Aédes (Stegomyia) aegypti 
Linnaeus and Culex (Culex) fatigans Wiedemann. By A. R. Woodhill. 

4. Nitrogen Fixation in Leguminous Plants. i. General Characters of Root-nodule 
Bacteria isolated from Species of Medicago and Trifolium in Australia. By H. L. Jensen, 
Macleay Bacteriologist to the Society. 


NOTES AND EXHIBITS. 


Mr. F. H. Taylor exhibited specimens of flies belonging to the genus Pelecorhynchus, 
several of which were described in the paper by I. M. Mackerras and the late Mary E. 
Fuller, which was read at the March meeting. 
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ORDINARY MONTHLY MEETING. 
20th May, 1942. 


Mr. F. H. Taylor, F.R.E.S., F.Z.S., President, in the Chair. 


Messrs. S. J. Copland and T. BH. Spencer were elected Ordinary Members of the 
Society. 


The Donations and Exchanges received since the previous Monthly Meeting (29th 
April, 1942), amounting to 6 Volumes, 52 Parts or Numbers, 4 Bulletins, 3 Reports and 
7 Pamphlets, received from 27 Societies and Institutions, were laid upon the table. 


PAPERS READ. 


1. Notes on the Listrophoridae (Acarina: Sarcoptoidea). By Carl E. M. Gunther, 
M.D., B.S., D.T.M. 

2. The Stratigraphical Arrangement and Occurrence of Torbanite Deposits in the 
Upper Kamilaroi Coal Measures of New South Wales. By J. A. Dulhunty, B.Sc., Linnean 
Macleay Fellow of the Society in Geology. 

3. Hemiptera and Copeognatha from the Upper Permian of New South Wales. By 
Consett Davis, M.Sc. 


NOTES AND EXHIBITS. 


Mr. J. A. Dulhunty, Linnean Macleay Fellow of the Society in Geology, gave 
a brief outline of the investigations he is undertaking, in conjunction with the 
Department of Supply and Development, on the technology of torbanite, and indicated 
that promising results have already been obtained. 

Mr. E. Cheel exhibited fresh flowering specimens of Solanum, having pale purplish 
or violet coloured flowers, together with specimens of Solanum opacum A.Br.. for 
comparison. It is probably S. memphiticum of Martius, usually. listed as a synonym 
under S. nigrum L., but is quite a distinct form or subspecies. See these PROCEEDINGS, 
xlii, 1917, 583, for previous records of allied species. 


ORDINARY MONTHLY MEETING. 
17th JuNE, 1942. 
Dr. A. B. Walkom, Vice-President, in the Chair. 


The Chairman, on behalf of members, offered congratulations to Dr. Ilma M. Pidgeon, 
on attaining the degree of Doctor of Science of the University of Sydney. 


The Donations and Exchanges received since the previous Monthly Meeting (20th 
May, 1942), amounting to 3 Volumes, 23 Parts or Numbers, and 4 Bulletins, received 
from 19 Societies and Institutions, were laid upon the table. 


PAPERS READ. 


1. Serological Studies of the Root-nodule Bacteria. iii. Tests of Neighbouring 
Strains of the Same Species. By D. Q. Hughes and J. M. Vincent. 

2. Petrological Studies of the Ordovician of New South Wales. i. The Cooma 
Complex. By Germaine A. Joplin, B.Sc., Ph.D., Linnean Macleay Fellow of the Society 
in Geology. 

3. Notes on the Gradient Wind in Low Latitudes. By W. J. Gibbs, B.Sc. 


NOTES AND EXHIBITS. 


Dr. Ida A. Brown exhibited the following specimens: (1) Receptaculites australis 
Salter. First specimen from the Tamworth Devonian province. Loc.: Por. 88-115, Par. 
Burdekin, 17 miles north of Tamworth. Horizon: Sulecor Limestone; (2) Stringocephalus 
cf. burtini Defrance. Loc.: Por. 115 (mr. 263), Par. Burdekin, 17 miles north of 
Tamworth. Horizon: Lower “Moore Creek” Stage (overlying Sulcor Limestone). Not 
previously recorded from the Tamworth district. Benson records Stringocephalus (?) sp. 
from Crawney. 
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Mr. E. Cheel sent for exhibition some Japanese plums—a second crop produced 
during the year as a result of the extraordinary weather conditions; also specimens of 
Rhagodia Billardieri R.Br., a native “ruby-fruited saltbush”, produced without artificial 
watering during the very harsh weather conditions. 

Dr. Germaine A. Joplin exhibited a series of rock specimens, mentioned in her paper. 


ORDINARY MONTHLY MEETING. 
22nd JuLy, 1942. 
Mr. F. H. Taylor, F.R.E.S., F.Z.S., President, in the Chair. 
The Donations and Exchanges received since the previous Monthly Meeting (17th 
June, 1942), amounting to 4 Volumes, 47 Parts or Numbers, 2 Reports and 8 Pamphlets, 
received trom 34 Societies and Institutions, were laid upon the table. 


PAPERS READ. 
1. A Contribution to Rain-Forest Ecology. By D. A. N. Cromer, M.Sc., Dip.For., and 
L. D. Pryor, M.Sc., Dip.For. 
2. Miscellaneous Notes on Australian Diptera. ix. Asiloidea. By G. H. Hardy. 
3. Nitrogen Fixation in Leguminous Plants. ii. Is Symbiotic Nitrogen Fixation 
influenced by Azotobacter? By H. L. Jensen, Macleay Bacteriologist to the Society. 


ORDINARY MONTHLY MEETING. 
19th Avueust, 1942. 

Mr. F. H. Taylor, F.R.E.S., F.Z.S., President, in the Chair. 

Messrs. K. W. Cleland and B. R. O’Brien were elected Ordinary Members of the 
Society. 

The Donations and Exchanges received since the previous Monthly Meeting (22nd 
July, 1942), amounting to 5 Volumes, 32 Parts or Numbers, and 1 Report, received from 
32 Societies and Institutions and 1 private donor, were laid upon the table. 


PAPERS READ. 


1. Melittobia (Syntomosphyrum) indicum (Silv.) (Hymenopt., Chalcidoidea), a’ 
Parasite of the Queensland Fruit Fly, Strumeta tryoni (Frogg.). By N. S. Noble. 

2. The Ossification of the Avian Chondrocranium, with Special Reference to that 
of the Emu. By H. Leighton Kesteven,: D.Sc., M.D. 

3. Notes on Solvent Extraction of Torbanite. By J. A. Dulhunty, B.Sc., Linnean 
Macleay Fellow of the Society in Geology. 

4. Contributions to a Knowledge of Australian Culicidae. No. v. By Frank H. 
Taylor, F.R.E.S., F.Z.S. 


ORDINARY MONTHLY MEETING. 
23rd SEPTEMBER. 1942. 


Mr. F. H. Taylor, F.R.E.S., F.Z.S., President, in the chair. 

Mr. G. F. Humphrey was elected an Ordinary Member of the Society. 

The President announced that the Council is prepared to receive applications for 
tour Linnean Macleay Fellowships tenable for one year from ist March, 1943, from 
qualified candidates. Applications should be lodged with the Secretary, who will afford 
all necessary information to intending candidates, not later than Wednesday, 4th 
November, 1942. 

The Donations and Exchanges received since the previous Monthly Meeting (19th 
August, 1942), amounting to 2 Volumes, 21 Parts or Numbers, 4 Bulletins, 1 Report and 
16 Pamphlets, received from 23 Societies and Institutions, were laid upon the table. 


PAPERS READ. 

1. The Effect of Derivatives of Stilbene on the Insulin Content of the Pancreas of 

the Rabbit. By Mervyn Griffiths, M.Sc., Linnean Macleay Fellow of the Society in 
Physiology. 


Xxli ABSTRACT OF PROCEEDINGS. 


2. The Anti-insulin Activity of Anterior Pituitary and Adrenal Cortical Extracts. 
By Mervyn Griffiths, M.Sc., Linnean Macleay Fellow of the Society in Physiology. 

3. A Note on the Effect of Duodenal Extract and of Hexoestrol on the Anti-insulin 
Activity of Anterior Lobe Pituitary Extract. By Mervyn Griffiths, M.Sc., Linnean 
Macleay Fellow of the Society in Physiology. 

4. The Geology of the County of Sandon, N.S.W. By A. H. Voisey, M.Sc. 

5. The Development of Physiological Races of Puccinia graminis Tritici singly and 
in Association with Others. By I. A. Watson. 


NOTES AND EXHIBITS. 


Mr. Ellis Troughton, Mammalogist at the Australian Museum, drew attention to the 
earliest, hitherto unnoticed, account of the unaided transference of a newly-born kangaroo 
to the teat, by A. Collie, C.M.Z.S., of H.M. Sloop Sulphur, which was published in the 
Zoological Journal of London, Vol. v, No. 2, 1830, p. 238. The observations refer to the 
Dama or Tammar Wallaby (Thylogale eugenii) taken on Garden Island in Cockburn 
Sound (off Fremantle, W. Aust.). After giving several instances of voluntary reattach- 
ment ot a very immature pouch-embryo, the author states: “‘An officer of H.M.S. Success 
at present here, observed a kangaroo in the act of parturition. When the foetus was 
expelled from the vagina per anum, the mother was lying partly on one side and partly 
on her back, resting against the side of the cage where she was confined. She kept her 
hind legs apart, and the very diminutive young, when brought forth, crept among the 
fur of the mother towards her belly and towards the opening of the abdominal pouch; © 
whilst she, with her head turned towards her tender offspring, seemed to watch its 
progress, which was about as expeditious as that of a snail. After it had made some 
advance, my informant, unconscious of the remarkable oeconomy of generation in this 
class of Quadrupeds, removed the newly born animal before it had reached its destination, 
which must have been the mouth of the sac.” This account, appearing only 24 years 
after a similar observation on the American opossum by Professor Barton of Philadelphia, 
and over 50 years before any known Australian observation of unaided transference to 
the pouch, must be regarded as of considerable interest. 

Dr. H. L. Jensen exhibited cultures of Rhizobium meliloti showing aberrant “rough” 
and “slimy” colony-types. Plant experiments, illustrated by diagrams, showed that the 
change in character of growth of the rhizobia was not accompanied by any significant 
loss of effectiveness in promoting nitrogen fixation in lucerne. 


ORDINARY MONTHLY MEETING. 
21st OcTrosrEr, 1942. 


Mr. F. H. Taylor, F.R.E.S., F.Z.S., President, in the Chair. 

The President reminded candidates for Linnean Macleay Fellowships, 1943-44, that 
Wednesday, 4th November, 1942, is the last day for receiving applications. 

The Donations and Exchanges received since the previous Monthly Meeting (23rd 
September, 1942), amounting to 1 Volume, 47 Parts or Numbers, 1 Bulletin, 1 Report 
and 7 Pamphlets, received from 28 Societies and Institutions, were laid upon the table. 


PAPERS READ. 


1. The Association of Rhizoctonia bataticola with Retting Flax in South Australia. 
By D. B. Adam and Joan Stokes. (Communicated by Dr. H. L. Jensen.) 

2. A Note upon the Utilization of Xylose and Xylan by Azotobacter. By H. L. 
Jensen, Macleay Bacteriologist to the Society. 

3. On Australian Dermestidae. Part ii. The Genus Trogoderma Berthold. By 
J. W. T. Armstrong. 


NOTES AND EXHIBITS. 


Dr. G. A. Waterhouse forwarded a note drawing attention to the present migration 
of the Australian Painted Lady, Vanessa cardui kershawi McCoy. Before the recent 
rains of 12th to 16th October, 1942, this butterfly was more plentiful in Sydney than in 
any of the last forty-five years. On 17th October its numbers increased enormously and 
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this continued up to 20th October. The general migration was from north-east to south- 
west, but this may have been modified somewhat by the direction of the streets. A 
rough count, made at Killara, of the butterflies flying across a lawn sixty feet wide at 
right angles to the direction of flight, gave about twenty butterflies per minute. So, 
over this short line many thousands must have passed during a day. They usually 
came over one fence, across the lawn, and then over the other fence. Most went straight 
ahead, but some came to rest in the garden on flowers, to feed. Many were in perfect 
condition, but others were worn. The above observations were made at Stanhope Road, 
Killara, on 20th October. Later on the same afternoon, four miles further north, the 
butterflies were observed in some numbers, although it was only about an hour from 
sunset. 


ORDINARY MONTHLY MEETING. 
25th NoveEMBER, 1942. 


Mr. F. H. Taylor, F.R.E.S., F.Z.S., President, in the Chair. 

The President referred to the death, on 23rd November, 1942, of Mr. Gerald H. 
Halligan, who had been a member of the Society since 1897. 

The President announced that the Council had reappointed Mr. J. A. Dulhunty, B.Sc., 
Dr. Germaine A. Joplin, B.Sc., and Miss Frances M. V. Hackney, M.Sc., to Linnean 
Macleay Fellowships in Geology, Geology and Plant Physiology respectively, for one 
year from 1st March, 1943, and had appointed Miss Joan M. Crockford, M.Sc., to a 
Linnean Macleay Fellowship in Palaeontology for one year from 1st March, 1943. 

The President also announced that the Council had elected Rev. H. M. R. Rupp, 
B.A., a Corresponding Member of the Society. 

The Donations and Exchanges received since the previous Monthly Meeting (21st 
October, 1942), amounting to 3 Volumes, 38 Parts or Numbers, 1 Bulletin and 14 
Pamphlets, received from 29 Societies and Institutions, were laid upon the table. 


PAPERS READ. 


1. The Ossification of the Basisphenoid and Presphenoid Bones in Melopsittacus. 
By H. Leighton Kesteven, D.Sc., M.D. 

2. Studies in Australian Embioptera. Part v. Geographical Variation in 
Metoligotoma reducta Davis. By Consett Davis. 

3. Ground Derris Root as a Mosquito Larvicide. By G. Pasfield and A. R. Woodhill. 

4. Cytological Studies in the Myrtaceae. i. Microsporogenesis in Several Genera 
of the Tribe Leptospermoideae. By S. Smith-White, B.Sc.Agr. (Communicated by 
Professor E. Ashby.) 


NOTES AND EXHIBITS. 

Mr. EH. Cheel exhibited four species of native plants cultivated in his garden at 
Ashfield, as follows: (1) Leptospermum attenuatum Sm.; (2) L. pendulum Sieb.; (3) 
Diploglottis Campbelli Cheel; (4) Sideroxylon australe Benth. (Achras australis R.Br.). 
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